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FIG. 8 
1 

96VL 
Met Asp Vaf 

ACC ATG GAT GTT 
Ncof 
(SEQ ID NO: 3) 

1 
M&z Glu Va3. 

96VH 
GTG 

Ncol 
(SEQ ID NO: 5) 

104 VL 
ACC-ATG GAA ATC 

NC01 
~SEQ ID NO: 7) 

1 
Met Gfn VaL 

108 v~ ACC ATG GAG GTT 
NcoI 
(SEQ ID NO: 8) 

117 
Ala Ala * 

GCT GCA TGA GGA TCC 
Barn Hl 

(SEQ ID NO: 4) 

118 
Ser Ala * 

TCT GCA TGA 
3am HI 

(SEQ ID NO: 6) 

212 
Ala Ala * 

GCT GCA TGA u 
Egxn iI1 

(SE# ID NO: 4) 

121 
Ser Ser * * 

TCC TCC TAA TAA GGA TCC 
Barn Wl 

(SEQ ID NO: 9) 



FIG. 9 108 VH 

1 CAG GTT CAG CTG CAG CAG TCT GGA GCT GAG CTG ATG AAG CCT GGG 
2)Gln Val Gln Leu Gin Gin Ser Gly Ala Glu Leu Met Lys Pro Gly 

46 GCC TCA GTG AAG ATA XC TGC AAG GCT ACT GGCTAC ACA TTC AGT 
16bAla Ser Val Lys Ile Ser Cys Lys Ala Thr Gly Tyr Thr Phe Ser 

91 AGT TAC TGG ATA GAG TGG GTA AAG CAG AGG CCT GGA CAT GGC CTT 
33.) rp Val Lys Gf,n Axg Fro Gly His Gly Leu 

CDR 2 
136 GAG TGG ATT GGA GAG ATT TTA ax GGA AGT A.AA AAA ACT iw TAC 

46bGlu Trp Ila Gly Glu Ile Leu Pro Glv Ser LYS LYS Thr Asn Tvr 

I.81 AAT GAG AAG TTC AAG CGA AAG GCC AGA TTC A&T GCA GAT ACA TCC 
6l)Asn Glo Lvs Phe LvS Glv.Lys Ala Thr Pti@ Thr Ala Asp Thx Ser 

226 TCC AX ACA &C TAC~ATG CAA TTY! AGC AGC CTG ACA TCT GAG GAC 
76)Ser Asn Thr Ala ?yr Met Gin Phe Ser Ser Leu Thr Ser Glu Asp 

271 TCT GCC G!k TAT TAC TGT GCA AGA 
SlbSer Ala Val Tyr Tyr Cys Ala Arg 

316 TAT GGT ATG GAC TAC TGG GGT CA& GGA ACC TCA GTC ACC kTC TCC 
106)Tvr Glv Met ASP Tvr Trp Gly Gin Gly Thr Ser Val Thr Val Ser 

361 TCA 
121) Ser 



FIG. 10 
108 VL 

B 

1 GAA ATC CAC ATG ACA CAG ACT ACA TCC TCC CTG TCT GCC TCT CTG 
1bGlu Ile Eifs Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu . 

CDR 1 
46 GGA GAC AGA GTC ACC ATC AGP TGC AGT GCA AGT CAG GAC ATC AGG 
16bGly Asp Arg Val Thr Ile Ser Cys Ser Ala Ser Gln ASP Ile Arq 

91 AAT TAT TTA A?$"TGG TAT CAG CAG CCT GAT GGA ACT GTT 
31bAsn Tvr Leu Asn Trp Tyr Gln Gin Lys Pro Asp Gil Thr Val Lys 

c9R 2 
136 CTC CTG ATC TAT TAC ACA TCA ACT TTA CAT TCA Gii GTC CCA TCA ' 

46bLeu Leu f2e Tyr Tvr-Thr SerThr Leu His Ser Gly Vd Pro Ser 

131 AGG TTC AGT GGC AGC GGG TCT GGG ACA GAT TAT TCT CTC A@& ATC 
6lb+rg Phe Ser Gly Sex Gly Ser GLy Thr ASp Tyr Ser Leu Thr Ile 

226 AGC AAC CTG GAA CCT GAA GAT ATT tiCC ACT TAT TAT TGT CAG CAG 
76bSer Am Leu Glu Pro Glu ASp I-le Ala Ths Tys Tyr Cys Gin Gin 

CI?R 3 
271 TAT AGT AAG ATT CCG TAC ACG TTC ACA GGG GGG ACC RAG CTG GAA 

9lbTyr Ser Lys Ile Fro Tvr Thr_Phe Thr Gly Gly Thr Lys Leu Glu 

316 ATA AAA 
106bIle Lys 

CGG GCT GAT GCT GCA 
Arg Ala Asp Ala Ala 



FIG. 11 
96 VH 

1 GAA GTG CAG CTG GTG GAG TCT GGG GGA GGC TTA GTG AGG CCT GGA GGG 
IbGlu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Ara Pro Gly.Gly 

49 TK CTG AAA CTC TCC TGT GCA GCC TCT GGA TTC GCT TTC AGT AAC TAT 
17bSer Leu Lys Leu Ser Cys Ala Ala Ser Gdy Phe Ala Phe Ser Am Tm 

97 GAC ATG TCT TGG GTT CGC CAG ACT CCG GAG AAG AGG CTG GAG TGG GTC 
33b rp Val Arg Gln Thr Pro Glu Lys Arg Leu Glu Trp Val 

I.45 GCG 
49Wila 

m 
CDR 2 K 

TAC ATT GGT AAT GGT GGT <f&C AK TAC TCT CCA GAC ACT GTG AAG 8 
w -; N 
0 -5. 

193 GGC CGA'TTC ACC ATC TCC AGA GAC AAT GCC GAG AAC ACC CTA T+C CTT 
65 iI'= arg Phe Thr Ife Ser Arg Asp Am ALa Glu Asn Thr Leu Tyr Leu 

241 CAA ATG AGC AGT CTG AAG TCT GAG GAG ACA G;cC ATT TAT TAC TGT GCA 
Gin Met Ser Ser Leu Lys%% Glu Asp Thr Ala Tie Tyr Tyr Cys Ala 

CT TAC TGG GGC CAA GGG ACT 
la Tyr Trp Gly Gin GTy Thr 

337 CTG GTC ACT GTC TCT GCA 
113bLeu Val Thr Val Ser Ala 



FIG. 12 
96 VL 

1 GAT GTT GTG ATG ACC CAA AGT CGA CTC'TCC CTG CCT GTC AGT 
1bAsp Val Val Met Thr Gin Ser Pro Leu Ser Leu Pro Val Ser 

43 CTT GGA GAT CAA GCC ACC ATC TCT TGC AGA TCT AGT CAG AGC 
15NLeu 7;ly Asp Glti Ala Tlir Ile Set Cys Afq Ser S& Gin Ser 

85 CTT GAA CAC AGT AAT GGA GAC ACC TAT TTA CAT TGG TAC CTG 
29bLeu Glu.His Ser Asn Glv ASP Thr Tvr ,Leu His Trp Tyr Leu 

127 CAG AAG GCA GGC C&G TCT CCA AAG CTC CTG ATC TAC AAA GTT 
43bGln Lys Ala Gly GLn Ser Pro Lys Leu Leu Ile Tyr Lvs Val 

CDR 2 
169 TCC AAC CGA TTT TGT GGG GTC CCG GAT AGG TTC AGT GGC AGT 

-57bSer Am Ara Phe Ser G3y Val Prb,Asp 'Arg Phe Ser Gly Ser 

211 GGA TCA GGG ACA GAT TTC ACA CTC AAG ATC AGC &A GT-G GA,G 
71bGly Ser GLy Thr Asp Phe Thr Leu Lys Ile Ser Arg Val Glu 

3 
253 GC!T GAG GAT CTG GGA GTT TAT TTC,TGC TGT C AGT ACA CAT 

85bAla Glu As&Leu Gly Val Tyr Phe Cys Cvs Glki Sex Thr His 

295 GTT CCG TGG ACG TTC GGT GGA GGC ACC AAC CTG GAA ATC AAA 
99bVal Pro TOP Thr Phe Gly Gly Gly Thr Asn Leu Glu 11~ Lys 

337 CGG GCT GAT GCT GCA 
1 Arg Afa Asp Ala Ala 

a 
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MONOCLONAL ANTIBODIES SPECIFIC TO 
HUMAN EPIDERMAL GROWTH FACTciR 

RECEPTOR AND THERAFEXJTKZ METHQDS 
EMPLOYING SAME 

RELATED APPLICKlTQNS 

This is a continuation of application Ser. No. Q81086,412 
filed on Jun. 29, 1993, now abandoned, which is a 
continuation-in-part of U.S. application Ser. No. 071760, 
852, filed Sep. 17, 1991 now! abandoned, which is a 
continuation-in-part of Ser. No. 077244,737, &led Sep. 15, 
1988, now abandoned, and a continuation of Ser. No. 
07/319,109, filed Mar. 3, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 
This invention relates to new hybrid cell lines and in 

particular to hybrid cell lines for production of monocbnal 
antibodies spe&c to a human receptor for epidermal growth 
factor (EGF) which can inhibit the growth of buman~ tumor 
cells that express human EGF receptors, to the antibodies so 
produced, to therapeutic methods employing the antibodies, 
and to therapeutic methods employing the antibodies in 
combination with anti-neoplastic: agents, 

Control of cell growth is regulated by the interaction of 
soluble growth factors and cell membrane receptors. 

The first step in the mitogenic stimulation of epidermal 
ceils is the specific binding of epidermal growth factor 
(EGF) to a membrane glycoprotdn known as the epidennal 
growth factor receptor (EGF receptor). (Carpenter, et al., 
Epidermal Growth Factor, Annual Review 19ioch&n., Vol. 
48, X93-216 (1979)). The EGF receptor is composed of 
1,186 amino acids which are divided into an extracellular 
portion of 621 residues and a cytoplasmic portion of 542 
residues connected by a single hydrophobic transmembrane 
segment of 23 residues, (Ullrich et al., Human-Epidermal 
Growth Factor cDNA Sequence and Aberrant Expression of 
the Amplif%ed Gene in A431 Epidermoid Carcinoma Cells, 
Nature, Vol. 309, 418-25 (1986)). The external portion of 
the EGF receptor can be subdivided into four domains. 
Recently, it has been demonstrated that domain III, residues 
333 to 460, which is flanked by two, cysteine domains is 
likely to contain the EGF binding site of the receptor. (Lax, 
et al., Localization of a Maior Receptor-Binding Damaio for 
Epidermaf Growth Factor- by Afsbity Labeling, EAbl. and 
Cell OioL. Vol. 8. 1831-2834 (1988X The bindine: of EGF 

I ,  

to domain 111 leads to the in&ion of pleiotropic responses 
leading to DNA synthesis and c$l proliferation. 

It has been found in various types of human tumor cells 
that those cells overexpress EGF receptors. For example, the 
cancerous cells of bladder tumors have been shown to have 
a relatively large population of EGF receptors. (Neal et af., 
Epidermal Growth Factor Receptor in Human Bladder Can- 
cer: Comparison of Invasive and SuperRcial Tumors, 
Lancer, Vol. 1,366-367 (2985)). Breast cancer cells exhibit 
a positive correlation between EGF receptor density and 
tumor size and a negative correlation with the extent of 
differentiation. (Sainsbury et al., Epidermal Growth Factor 
Receptors and Oestrogen Receptors in Human Breast Can- 
cer. Lance& Voi. 1,364-366 (1985); Presence of Epidermal 
Growth Factor Receptor as an Indicator of Poor prognosis In 
Patients With Breast Cancer. J. Clin. Path., Vol. 38, 
1225-1228, Epidermal-Growth-Factor Receptor Status as 
Predictor of Early Recurrence and Death From Breast Can- 
cer. Lance& Vol.l,1398-1400 (1987). The tumorigeriicity of 
a series of human vulva1 epidermoid carcinoma (A4311 
clonal variants implanted into athymic mice having different 
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2 
levels~of EGF receptors was found to correlate directly with 
the level of expression of the EGY receptor (Santon et al., 
Effects of Epidermal GrowthFactor Receptor Concentration 
on Titmori&erricity pf A431 cells in nude mice. CancevRes., 
Vol. 46,4701-4700 (1986)). Thus, it has been proposed that 
overexpression of EGP receptors play a role in the origin or 
tumorigenesis of cancer cells. 

The ‘influence of EGF receptor density on the biological 
behavior of cancer cells may be mediated by the interaction 
of the receptor with its iiga&s-namely, EGF or transfarm- 
inn growth Factor 0X%X In the maioritv of cells. when EGF 
bi&&:to a specific re&on of the EGF- receptor; the cell is 
mitogenically stim&ated. other tumor cells, such as A431 
cells are not mitogenically s&nulated by the binding of ECF 
to its receptors. 

Two groups have reported in vivo growth inhibition of 
tumor A431 cell xencgrafts in nude mice by binding mono- 
clonal antibddies to the epidermal growth factor receptor of 
the tuhnarous cells, Masui et al. demonstrated that treatment 
with anti-EGF receptor monoclonal antibodies of the IgG2a 
and IgGI is&type completely prevented tumor formation in 
athymic mice by subcutanec@y implanted A431 cells when 
treatment was itatted on the day of tumor cell inoculation. 
(Masui et al., Growth Inhibition of Human Tumor Cells in 
Athymic Mice by Anti Epideimal Growth Factor Receptor 
Monoclonal A&bodies. Cancer Res., Vol. -44 1002-1007 
(1984); Meohanism of Antitumor Activity in Mice For Anti 
Epidermal-Growth Factor Receptor Monoclonal Antibodies 
With :DitTerent IsqtyPes. Cancer Res. Vol. 46 5592-5598 
(1986)). Rode& et al. .used ,a different monoclonal antibody 
than Masui of the lgG2a isctype which also bindsto the EGF 
receptor of A431 cells to completely inhibit tumor grawth of 
A431‘ cells xenotransplanted’in mice. (Rodeck et al. Tumor 
Growth Modulation by a Monocloual Antibody to the Epi- 
dermal Growth Factor.Receptor: Immunologically Mediated 
and Effector Cell-htdepcndent Effects. CarzGer Res., Vol. 
47, .3692-3696.(1987))a 

To date, no one, however, has inhibited the in vitro or in 
vivo grow& &human oral epidermoid carcinoma (RB) or 
hum& mammziry ‘ epithelial (184AIN4 and 184AB?4-T- 
collectively ?‘184”) cells. KB and 184 cells are commonly 
used in studies relating to the EGF-receptor. 

KB and 184 cells~ are substantially different from A431 
cells, especially in terms of their growth response to epi- 
dermal growth factor. KB and 184 cells are growth stimu- 
lated by high ~ncentrations of epidermal growth factor 
whereas A431 ceils are growth inhabited by high concen- 
trations of epidermal growth factor. 

Those differences as well as the lack of complete under- 
standing of the mechanism by which the anti-EGF-receptor 
antibodies inhibit the growth of tumor ceils in vivo, prohibit 
one from accurately de+rn.ning whether monoclonal anti- 
bodies which bind to EGF receptor of A431 cells and 
demonstrate anti-tumoral activity on A431 cell xenografts in 
nude mice will also demonstrate antitumoral activity on KB 
or 184 cell, xenografts in nude mice. 

Additionally, because human tumor cells are also growth 
stimulated by epidermal growth factor, KB and 184 cells 
provide a more representative pattern of responding to EGE 
th&n A431 c&s, and,, in fact, are used as a model for human 
tumor cells expressing EGF receptors. (Willington et al. J 
Cell Biol., vbl. 94, S!O7-2lX ($982). 

pe primary goal in treating tumors is to kill all the cells 
of the {urnor. A therapeutic agent that kills the ceil is defined 
as cytotoxic. A therapeutic agent that merely prevents the 
cells from replicating, rather than killing the cells, is defined 
as cytostatic. 
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Treatment solely with monoclonal antibodies which bind 
to the EGF receptor merely prevent the cells from 
replicating, and thus, the rnonoclonal antibodies act as a 
cytostatic agent. In order to overcome the monoclonal 
antibody’s cytostatic iimitations, monocional antibodies 
specific to the extracellular domain of human epideroaal 
growth factor receptors have been combined with macroph- 
age or mouse complement to yield a cytotoxic response 
against A431 cells. (Masui et al-; Mechanism of Antitumor 
Activity in Mice for Anti-Epidermal Growth Factor Recep- 
tor Monoclonal Antibodies with Different Isotopes, Caracer 
Research, Vol. 46, 5592-5598 (1986)). 

Anti-neoplastic or chemotherapeutic agents administered 
by themselves, are effective cytotoxic agents. The use uf 
anti-neoplastic agents such as doxorubicin (adriamyci,n) and 
cisplatin, for example, are well,lmown in the art. IJse of 
those reagents by themselves, however, are only effective at 
levels which are toxic or subtoxie to the patiedt. Cisplatin is 
intravenously administered as a iO0 m&m2 dose once every 
four weeks aud adriamycin is intravenously administered as 
a 60-75 mg/m” dose one every 21 days. 

Bacterial Expression of Antibodies: The prototypical 
immunoglobulio structure consists of a 150,000 daltou het- 
erodimer composed of two heavy (.50,000 daltons each) and 
two light (25,000 daltons each) chains, Each heavy and light 
chain pair are covalently attached by a disulfide bond 
located between the first and second constant domairis that 
joins the carboxy terminal end of the light chain with the 
heavy chain. The two heavy and light chain p,airs are 
themselves joined together by one or more disulfide bonds, 
referred to as the hinge region, located between “the two 
heavy chains El]. Thus, bacterial expression of an entire 
active immunoglobulin molecule requires, 1) the complex 
refolding of both heavy and liiht chains, 2) the concomitant 
formation of up to 16 disulfide bonds, and.3) the association 
of pratein dimers to form the final divalent molecule. 

Initial attempts to produce antibodies in E. co& focused on 
the expression of entire heavy and light chains, either 
separately or together in the same cell line [2,3]. LQW levels 
of expression for both chains were reported in 1984 by two 
separate groups. Cabilly et al. [Z] working with an anti- 
carcinoembryonic antigen antibody (CEA) reported expres- 
sion levels of 3% and 0.5% (percent of total cellularprotein) 
for heavy and light chains, respectively. Boss et al. x3] 
working with an anti-4-hydroxy-3-nitrophenyl acetyl (NP) 
antibody was able to express thk light chain (13.% of total 
protein} in a protease deficient c&l1 line (K12 strain E103S) 
but the same system only yielded 1% heavy chain. Despite 
these difficulties with expression levels, both groups 
reported the first successful recovery of antibody activity 
from genes cloned and expressed in E. eoli. 

Specific antigen binding activity was detected- by both 
groups following reduction, derraturation, and refolding (in 
the presence of redox reagents) of partially purified ‘chains. 
No active antibody was detected in a mixture of heavy,and 
light chain whole cell extracts, nor observed in a lysate made 
from cells coproducing the two chains togemer [Z]. 
Reported recoveries of activity from the refolding proce- 
dures range from 3-S% for the anti-CEA antibody down to 
as low as 0.007% for the anti-&P antibody. Cabilly found 
similarly low levels of recovery (O.S%) using native anti- 
CEA antibody subjected to the &me denaturation and rena- 
turation procedures [Z]. In addition, Boss observed that the 
majority of active anti-NP material contained truncateti 
heavy chaios, suggesting that the shorter peptides were 
somehow favored during the refolding process [S]: Finally, 
the actual formation of complete heterodimeric antibodies 
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4 
remains in doubt since no evidence was obtained for diva- 
lency by either group. 

Fortunately, it is not necessary to express an entire anti- 
body molecule in order to reproduce its antigen-binding 
capadty. Native antibody protein can be prateolytically 
degra&ad under controlled conditions to yield a number of 
difIerent fragments, some of which retain the full antibody 
binding capacity. Digestion with the enzyme papain cleaves 
the heavy chain peptides at a-point between the hinge region 
and the.disulfide bond connecting the,heavy a&light chains. 
The resulting fragment, referred to as an Fab, is monovalent 
with respect to~its antigen-binding site. ‘Ihe Fab fragment 
retains an entire light chain, as well as one-half of a heavy 
chain, with both chains covalently linked by the carboxy 
terminal disulfkle bond. 

Inbar et al., [4] used a mouse IgA-myeloma protein 
(MGPC315)to demot+rate that an Fab fragment could be 
further cleaved by pepsin digestion, to yield an even smaller 
antigen bidding fragment. This fragment, referred to as an 
Fv? has an appro+rrate molecular weight of 25,000 daltons 
and is compo.sed of the amino terminal variable regions of 
the heavy and lightichaibs (V,, and V,, respectively) held 
together by non-covalent bonds. The Fv fragment was 
shown to retain the same binding specificity for 2,4- 
dinitmphenyl (DNP) as well as the same affinity (ISd=4x 
lO-?kI) as the intact antibody. 

Efkient producticm of antibody fragments in bacteria 
would appear to be less difficuit for Fvs than for the larger 
fragments or for complete ‘antibodies. Protein refolding is 
simplified since each a&vu V, or V, chain is required to 
form a single globular domain stabilized by one intrachain 
disulflde bond. The afssociation of the two chains in an active 
Fv requires noncovalent ihteractions only and occurs with a 
Kd greater than 106’ I+4 for MGPC315 Fv (5]. 

The work of Hochman et al,.@] predicts that it should be 
possible to recombine separately expressed MOPC315 V, 
and V, chains to form active Fv molecules in an efficient 
manner. They used purified MGPC315 Fv, denatured in 8M 
urea, to &late individual V, and V, chains by DEAE- 
cellulose chromatography 1’1. The inactive V, and V, chain 
componenti were recombined to form an active Fv follow- 
ing a simple and efficient @--9O% recovery) refolding 
procedure. In addition, it was shown that active Fv could be 
recovered efllciently ‘from reduced as well as denatured 
material KS]. Since it can be anticipated that reduction as 
well as denaturation willbe required to soiubilize and purify 
overaxpresned proteins from E. co& it is useful to note that 
neithoi reduction nor denaturation of native MOPC315 V, 
and V, cha&s prior fo refolding prevented efficient recov- 
eries of the native Fv [S]. 

The results of thess early experiments were encouraging 
to the extent. that they confirmed the possibility of Producing 
recombinant antibody molecules in E. coli. Clearly, 
however, the low levels of expression in combination with 
low yields of active material indicated that further efforts 
would be required for efficient bacterial production of 
antigen-binding proteins. 

Bkistroaic Constructs: As a result of the inherent diffi- 
culties in recovering active whale antibody chains from E. 
co& efforts,were directed towards the microbial expression 
and recovery of, active Fv or Fab antibody fragments. 
Success in &these efforts was achieved both in yeast and in 
bacteria. Recovery of active antibody Fv fragments from E. 
coli has since been reported using several difterent strate- 
gies: 

Initial success was achieved by two separate groups who 
reported the recovery of secreted active antibody fragments 
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from E. coli by co-expressing tbe,two chains of either’an Fv 
[7] or an Fab [S] on the same ~plasmid. Roth bi&stroni,c 
constructs were characterized by a joint expression of sepa- 
rate heavy arnd light chain fragmknt genes under the direc- 
tion of a siugle transcriptional unit. This co-expression 
a?.lows for the synthesis of approximately -slai&iometdc 
amounts of both chains. Translation and refolding of each 
chain occurs ia close proximity to each other witbiu ihe cell. 
In addition, each peptide coding region has been engineered 
for secretion by the addition of F amino terminal bacterial 
leader sequence, directing the express&d products through 
the inner membrane to the bacterial periplasm. T@s’mem- 
brane translocation mimics the processing of eukaryotic 
protein into the lumen of the endoplasmic reticuluum (ER), 
a process which occurs normally during the immunoglobulin 
assembly process in mammalian B cells El,]. The passage of 
the recombinant proteins across the E. coZ$ membrane was 
predicted to be functionally arialogous ‘to ER transport, 
facilitating proper refolding and disuffide formation okanti- 
body fragment molecules [7]. 

Active antigen-binding fragments were, in fact, isolated 
by both groups either from the periplasm [7] or dire&y from 
the culture medium ES]. Skerra and P&ktbun used a bicis- 
tronic construct in which bacterial signal scquences,for outer 
membrane protein A (ompA) and alkaline phosphatase 
@hoA) were fused to synthetic genes encoding the’ Vfs and 
V, domains of McPC603, an a&i-phosphorylchole (PC) 
mouse IgA antibody 191. Exprkssion was driven by’ an 
isopropyl-P-D-tbiogalactoside (IPTG) inducible lacpromot- 
eroperator. Active Fv Fragments could be rapidly purified to 
homogeneity by pbosphorylcholihe aftinity chromatography 
of periplasmic fractions. ?Lpical yields were reported to be 
approximately 0.2 mg of purified FV fragment per liter of 
bacterial culture. Measurements of the affinity oftbe recom- 
binant Fv gave results identical to the corresponding affinity 
of native McPC603 isolated from mouse ‘ascites (I%d&-Sx 
lOAM). 

Better et al. [S] reported higher yields (2 mg/L.) of active 
recombinant M Fab (a mouse---human chimeric antibody 
reactive against the human carcidoma ceU line C3347) using 
a S. rypkimurium araB (ParaB) promoter to drive the expres- 
sion of a bicistronic construct containing the full-length L6 
light chain and the N-terminal brilf of the L6 heavy chain (a 
truncated heavy chain of this type is refefred to as an Pd), 
both preceded by a pectate lyase @elB) bacterid leader 
sequence. This construct directed active L& Fab ‘to the 
extracellular culture medium from which it could bP; directly 
purified using sequential cation-exchange chromatography. 
Subsequently, the same group reported the successhl recov- 
ery af active L6 whole antibody as wet1 as Fab fragment 
from yeast [IO]. 

The bicistronic construct with bacterial leader sequences 
has since been successfully employed by others, most nota- 
bly by those involved in the consiruction of antibody r-m- 
binatorial libraries using polym&ase chain reaction (PCR) 
techniques [11-X3]. In brief, they libraries are constructed 
from a large array of individual heavy and light chain 
fragments, doned by PCR amplification from a variety crf 
biological sources such as spleen, peripheral blood 
lymphocyte, and bybridoma celi RNA ,using antibody- 
specific generic primers. The heavy and light chain genes are 
allowed to randomly assort during a subcloning procedure 
which finally results in the formation df a repetiire of Fab 
fragments arranged in bicistronic wnstruc$ expressed in 
bacteriophage lambda vectors. $hese libraries are screened 
with labeled antigens to identify and isolate novek antibod- 
ies. As interesting as this work has been in terms of its 
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pot&ial to replace hybridoha screening for the production 
of monoclonal antibodies <a somewhat controversial 
projection, see Whiter and ‘J&stein, 1991 [14D, no data has 
as yet been presented w&h demonstrates production of 
either recombinant active Fv or Fab inE. c&i in significantly 
high yields using a ,bi@stronic system. 

Sing&chain conslhlcts: Architects of single-chain con- 
stmcts have taken the bicistronic approach to the bacterial 
expr&ion of antibody fhgments. one step further by 
expressing tandem@ linked VM and VT-. genes together as a 
single Protege. &is york wasspioneeed by two separate 
groups [15, 161 using a similar systeti, which employs a 
15-20 amino acid, neutra!peptide linker to fuse the carboxy 
terminus of a YH or a V, gene to the N-terminus of its 
corresPondiog partner @ee.FIG. ZQ the order of the two 
genes appears to be reversible. ‘Bird et al. [ 161 used a series 
of custom designed lidker sequtices based an protein mod- 
elingof their prc$ected siagk-chain Fvs (sFv) while Huston 
et al.‘[lS] desiwed a more g&e& (Gly4, Ser)3 linker which 
has &XX been used axte&@.eiy by other researchers..Both 
groups used standard E”. colt Promoter/operator (P/O) sys- 
tems such a? the hybrid; lambda leftward operator/rightward 
promoter (OL/PR) [I G] or the tryptophan P/O [IS] to drive 
the expression of sFv prote&s in bacteria. Reported recov- 
eries of active SFY protein were good, ranging from 5-30% 
of eqpressttd protein. for az~ anti-bovine growth hormone 
(BGH) sI?v-fl6) to 13% for an anti-dig&n sFv [IS]. 

Th? anti-&g&n $Fv yields‘were later optimized to 23% 
and then the basic cownstntct was modtied by the N-terminal 
addition of the coding region ?or fragmen; B of staphylo- 
cocc&l pro& A which bin& to the Fc region of IgG [X7]. 
The rest&iIlg bifunctional molecule (FB-sFv) was recovered 
at very high efficiencies (46%) and was shown to crosslink 
IgG to digoxin-bovine se&m albumin. The successful addi- 
tion 8f an effector domain ta the amino terminus of an 
immunoglobul~n binding region was entirely novel and has 
since Feen repeated w&h other Ab fragments [H-20]. 

Fusion of a toxin gene to the carboxy terminal end of an 
sFv has beeto reported by Chaudhary et al. [IS]. The initial 
imm&natoxin construct j@ined a sFv specific for the 

40 inter&kin-2 receptor (anti-Tat) to a fragment of the 
Pseudomonas exotdxin (PE40) from which the native exo- 
toxiu bind$g domaisl was removed. The anti-Tat sFv was 
consticted using a (Gly4, Ser),‘Enker and expression of the 
immunotaxio was driven by the strong IPTG-inducible 

4.5 polymerase-specific T7 promoter [21, 221. The resulting 
purified anc$efoldrsd fusian protein (recovered at 0.2 mg/L) 
was shown to be b&bly cytotoxic to IL-2 receptor-bearing 
hum@ eel lioes but not to receptor-negative cells. This 
group has also reported thesuccessful construction of sev- 

50 erai dew siogle-chati- immunotoxia proteins including one 
in which the codiog.regian -for a truncate,d form of diptheria 
toxin @T) is linked to the N-terminus of the anti-Tat sFv 
[18].‘-The DT-anti-Tat $Fv was shown to be as active as its 
anti-&c-FE&I&v coimterpart aed was iecovered at signifi- 

5s cantly higher levels (3-5 m&L). 
l-E&her levels of recovery (10-12 mg/L, or 20% recovery) 

of active sjagle-chain Ab. have been reported by other 
researchers irsing tb< T7 prctmoter and a (Gly4 Se+, linker 
to express a sEv specific ta the major celh11ar receptor for 

60 hum+ rhin@&us (XCAM-I) [23]. In general, recoveries of 
active protein from recombinant single-chain Abs (when 
reported) remain at or belo& IQ m&L. levels. it is not clear 
yet &hetber the apparent limit on recovery levels af most 
single-chain pmteins is a reflection of the level of gene 

65 expre&ion, the result of simple peptide to peptide 
variability, or the inherent l$r&ations imposed by the com- 
plexity of sFv refolding. 
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Separate chain constructs: The expression of V, and V, 

chains in separate bacterial cell lines followed by recombi- 
nation of purified peptides to form active Fv, is an alternate 
approach to either the bicistronic or sing&chain strategies. 
Recombinant V, and V, peplides can be independently 
purified, recombined and refolded in vitro in a potentially 
efficient manner as predicted by the. work on native 
MOPC315 Fv by Ho&man et al. 163. One major advantage 
of this method of Fv production includes the‘prospect of 
high levels of V, and V, peptide expression using T7 
promoters. In addition, the refolding problem for each 
separate chain is relatively simple. It‘ is necessary to form 
only one disulfide bond in a single globular domain. Bond 
formation in separate chains can be controlled by adjusting 
prolein concentrations downwards during oxidation in order 
to form only the correct intrachain disulfide bonds. It may be 
possible with a combination of high 1eveIs of protein expres- 
sion and enhanced refolding efficiencies TV greatly reduce 
the effect of peptide variability on general recoveries of 
active Fvs. 

The first report of active Fv fragments aroduced bv 
separate chain*expression in E: co&-was in&uded in ak 
international patent application ,filed in 1988 [24]. These 
workers obtained moderately high levels. of expression 
(20-140 mg/L) of mouse immunoglobuha light an&heavy 
chain variable region peptides using an inducible tryprophan 
promoter/operator in protease deficient host cell lines [24]. 
Active Fv fragment sp,ecific for a hen egg lysozyme epitope 
(Gloon2) was recovered at 2% levels foIfowien aartial 
purif&at~on and subsequent refolding of V, and-V; pep- 
tides. 

Baldwin and Schultz [25] have reported recovery of 
DNP-binding activity from a chime& MOPC315 E”v using 
recombinant V, peptides associated with native Vff protein. 
Moderate levels of V, expression @k30 mg/L) Were 
obtained in the form of a V, fus~oon protein. The MOPC315 
V, coding sequence was linked via a factor Xa recaarnition 
sik to th;bacieriophage lambda CII protein with expkssion 
being driven by the lambda lefward promoter. The yield of 
V, protein following factor Xa cleavage and purifkation 
was between 520% and this purified V, was etlliently 
refolded in the presence of native V,“yielding active Fv at 
between 20-30% efficiencies. .Overall vields of active 
MOPC315 recombinant Fv from starting m$terial (V, fusion 
protein) are therefore calculated to be between l--6%. 

Cheadie et al. [26] reported the cloning and expression of 
both the V,, and V, of MOPC31S in E. c&i using a 
bacteriophage T7 promoter sequence. The recombinant 
chains were dnitially recovered as in&t&on bodies and then 
dissolved separately in 8M urea, combined together, and 
refolded by subsequent chaotrope removal. Biologically 
active Fv was affinity purified from thk chain mixture by 
specific binding to DNP-Lysine Sepharose. Yields of active 
material as high as 20% “were obtained with activity con- 
firmed by fluorescence quench analysis. The purified recom- 
binant l?v displayed a binding affinity identical to the native 
Fv. 

Chime& Fvs specific for S-dimethylaminonapthalenlcne-l- 
sulfonyl (Dns) have been produced using bizcterialfy 
expressed VH peptides recombined with entire native light 
(L) chains (44). The V, chains were produced at surpris- 
ingly low levels (10 mg/L) usiug a T7 promoter in a T7 
polymerase transient infection system (lambda phage 
derivative CE6 [27J). The transient T7 expression system is 
primarily used when the gene ,product has been demon- 
strated to be toxic to host cell, growth. Purified Vi was 
recombined with native homologous light chains and active 
VHL dimers were recovered with efficiencies between 
l-6%. 
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SUMMARY OF THE INVENTION 

The present invention provides for novel hybridoma cell 
lines, ATCC HB 9763 and 9764, each of which provides as 
a component of the supernatant of its growth the highly 
specific.monocJonal antiboCty, 96 and 108, respectively. Cell 
lines ‘ATCC HB 9763 and 9764 were deposited in the 
American Type Cultum Collection, 12301 Pa&lawn Drive, 
Rockvive, Md. 2C?852, a recognized public depository for 
strains of microorganisms on Jul. 25, 1988. The present 
invention provides cell lines to produce, novel monoclonal 
antibodies which inhibit the growth of human tumor cells 
that express human EGF receptor by binding specifically to 
the EGF receptor foudd on ‘the cell membrane of the tumor 
cells.’ 

An object of this invention is to provide two cell tines, 
each of which,produces a novel monoclonal antibody that 
inhibits the growth of human tumor cells by the antibody 
binding to the extia-o$htlirr domam of the human EGF 
receptors of the tumor cells in an antigen-antibody complex, 
wherein the tumor cel& are oharacterized by their expression 
of human EGF receptors and mitogemc stimulation by EGF. 
The monocjonal antibodies are further characterized by their 
capability to inhibitthe grovth of either human oral epider- 
maid’ carcinoma (KB) celk~or human mammary epithdial 
(184) cells by binding to the extra-cellular domain of the 
human EGF receptor.of the KB or 184 cells in an antigen- 
antibody complex. 

A further object of the invention is to provide a method for 
inhibiting the growth of human tumor cells that express 
human EGF receptors and are-mitogenicafly stimulated by 
human EGF comprising administering an effective amount 
of a monoclonal antibody to a human cancer patient having 
said tumor ‘celis whereby the antibody binds to the extra- 
cellulardomain of the human EGF receptor of the tumor celf 
in an antigen-antibody complex, and the monoclonal anti- 
body being further cbarat$&-ized by its capabiIity of inhib- 
iting the growth of either 184 ,or KB cells. 

The invention further comprises a therapeutic composi- 
tion comprising a pharmaceuticaf carrier in association with 
an eB?ective amopht of either one of the novel monoclonal 
antibodies to inhibit the growth of human tumor cells that 
express human EGF receptors and are mitogenically stimu- 
lated’by human EGF. 

Applicant has also smprisiugly discovered that the com- 
bined treatment of atie of the novel monoclonal antibodies 
with anti-neoplastic drugs iuch as doxorubicin or cisplatin 
provides a more eiiiicient treatment for inhibiting the growth 
of hurnan cancer cells that express human EGF receptors 
and are mitogenicaily stimulated by human EGF than the 
use of the novel monaclonal antibody or the anti-neoplastic 
agent by itself. The combined. treatment using applicant’s 
novel monoclonai antibodies is advantageous because it 
combines two anti-cancer agents, each operating via a 
different mechanism of action to yield a cytotoxic response 
to human tumor ceils. That approach could’solve problems 
arising in the clink; such as, on the ,one hand, the develop- 
ment of resistance to drugs, and on the other hand, a change 
in the aqtigenicity of thetumor cells that would render them 
unreactrve with the ant@ody. Furthermore, applicant has 
abo surprisingly discovered that the anti-neoplastic agent 
can be adminiStered at levels sttbstantially lower than the 
levels required when administering the antineoplastic agent 
by i&elf, which. are toxic or sub-toxic to the patient. Anti- 
neoplastic agents other than dokorubicin or cisplatin such as 
bleomycin sulfate, carmustine, chlorambucil, and cyclo- 
phosphamide hydroxyurea may also be used with the novel 
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monoclonal  antibody. The aforement ioned list is merely 
exemplary and  is not intended to limit the scope of the 
invention. 

Thus, a  further object of this invention provides a  method 
for inhibiting the growth of human tumor cells that express 
human EGF ireceptors and  are niitogeoically stimuhtted by 
human EGF cwprising administering an  effective amount  
of an  anti-neoplastic agent  and  an  effective amount  of either 
one  of the novel monocional  antibodies to a  human cancer  
patient having said tumor cells, whereby the ant ibody binds 
to the extra-cellular domain of the human EGF receptor of 
the tumor cell in an  ant igen-ant ibody complex. 

A further object of this invention provides a  therapeutic 
composit ion oomprising an  effective amount  of either one  of 
the novel monoclona1 antibodies and  anti-neoplastic agent  to 
inhibit the growth of human tumor cells that express human 
EGF receptors and  are mitogenically stimulated bye human 
EGF in associat ion with a  pharmaceutical  carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciat ion oE the present invention 

and  many of the attendant advantages thereof will be  readily 
obtained as the invention becomes better understood by 
reference to the following detailed description in connect ion 
with the accompanying drawings. This description is not to 
be  construed as specifically limiting the invention and  such 
variations which would be  within the purview of one  Skilled 
in this art are to be  considered to fall within the scope of this 
invention. 

FIG. 1  demonstrates antitumor activity of 108.mAb in 
combinat ion with doxornbicin against ‘KB cells implanted 
subcutaneously.  Four  doses of 0.45 mg of 108  monoclonal  
ant ibody and  37.5 pg  of adriamycin were given 24  hours 
after the tumor injection and  repeated 3  times at 3-4 day 
intervals. 

FIG. 2  demonstrates antitumor activity of 108  mAb in 
combinat ion with cisplatin against KB cells implanted sub- 
cutaneously.  In FIG. 10  one  treatment comprising 1.8 mg 
108  monoclonal  ant ibody and  100  ,ug cispIatin was admin- 
istered. 

FIG. 3  demonstrates antitumor activity of 108  mAb in 
combinat ion with cisplatin against KB cells implanted sub- 
cutaneously.  In FIG. 11  mice were treated intravenously a  
single time, 20  hours after the tumor implantation with 1.9 
mg of 108  monoclonal  ant ibody and  0.1 mg cisplatin (Abic, 
Ramat-Gan, Israel). Each of the substances were separately 
injected, PBS (O), monoclonal  rmtibody (A), cisplatin (U), 
and  monoclonal  antibodyccisplatin (+). , 

FIG. 4  demonstrates aEGFR inhibition of anchorage 
dependent  cellgrowth. 184AIN4 (FIG. 4A and  FIG. 4B) and  
MDA-468 (FIG. 4C and  FIG. 4D) cells were passed(S,OOO/ 
well) into triplicate wells of 24-well plates and  al lowed to 
attach before: ant ibody was added.  lS4AlN4 gtowth media 
contained 1  rig/ml EGE Growth media waschanged after 48  

rpaq . 
hours and  the cells. were counted after 4  days. Data is %  
control cell numbers (mean&SD). 96  IgM(Oa)T 42  IgM 
(o--o), nonspecif ic &#(A-A),’ 225  IgG(U+), 108  IgG 
(U-U), non-specif ic IgG(A-A). 

FIG. S demonstrates inhibition of 1#4AIN4-T colony 
formation by monoclonal  aEGFR. Cells were grown in soft 
agar  as descr ibed in Example VIII(B) in the presence of 20  
nM aEGFR or 20  t&l nonspecif ic antibodies and  increasing 
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concentrat ions of EGE Data are mean  (*SD) nunther of 
colonies greater than 60  FM. FIG. SA). IgG:225 ImO--- 65  
O), 108  IgG(o-- o), non-specif ic~IgG(&--&). FIG. SB) IgM: 
96  IgM (o-o), 42  IgM(O-0), nonspecif ic IgM(A-A). 

1. 
FIG. 6  demonstrates the effects of aEGFR on  MDA-468 

colony formation. Ce3ls weregrown in soft agar  as descr ibed 
in Example VIII(C) in the ,presence of 20  n&I aEGFR or 
nonspecif ic ant ibody and  increasing concentrat ions of EGF. 
Cells were also grown in the Presence of EGF alone. Data 
are mean  (*SD) oumber  of colonies greater than 60  PM. 
FIG. 96A) IgG: 225  IgG(+.-:a), 108  fgG(A-A), non-  
specific IgG(A-A), EGF &-me (o-o). FIG. 6B) IgM: 96  
IgM(&-A), 42  IgM(~---S74 ), nonspecif ic IgM(A-A), 
EGF Blone(o---0). 

FIG. 7  shaws a  schematic representat ion of the plasmid 
DNA.and the exprwed gene  product for a  singIe-chain Fv 
(sFv) antibtiy’ fragment produced in E. coti. A standard 
PBR322 derivative plasmid with an  antibiotic resistance 
gene  (amp’) contains acjvneric promoter with accompanying 
r&or&ma1 binding site (PI&). The sFv ,gene construct is 
joined to the PR refjon by a  translation initiation codon 
placed immediately upstream of the native V, coding 
sequence.  The expressed SFV gene  produces a  single 
polypeptide chain ia.which the carboxyl terminus of the V, 
doma:in is joined to, the amino terminus of the V= domain 
through a  15  ammo acid tinker. This linker, as  shown io the 
constn*ct, consists of B (Gly4,‘Ser)3 repeat sequence (15). 

FIG. 8  shows a  schematic diagram of the 108  and  96  
recombinant V, and  V, expression constructs. Nucleotide 
sequence at the S’ ,and 3’ ends of the coding region of each 
of the ,constrncts is shown, indicating the restriction endo-  
nuclease c leavage’sites used to clcme into pET8c(Km~. The 
translation @i&ion and  termination codons flanking the 
mature V, and  VL coding regions &o are shown. 

FIG. 9  shows the nu&?ot ide sequence of 108  V, cDNA. 
Codons l-121 of the variable region of the heavy chain are 
shown. Underl ined areas indi&te the three complementary 
determining repian&-(CDR),of 108  V,. 

FIG. 10  shows the rmcleotide sequence.of  108  V, cDNA. 
Codons l-108 of the variable region of the light chain are 
shown as well was 6ve residues of the constant region. Boxed 
areas indicate the three comPlementary determining regions 
(cDIt) of 108  v,, 

FIG. 11  shows the nuclentide sequence of 96  V, cDNA. 
Codons l-118 of the variable region of the heavy chain are 
shown. Underl ined are&indicate the three complementary 
determining-regions (CDR) of 96  V,. 

FIG. I2 &ows the nu&otide sequence of 96  V, cDNA. 
Codons l-112 of the variable region of the light chain are 
shown as well as  the first ELve residues of the constant region. 
Boxe$ ‘areas indicate the three complementary determining 
regions (CDR) of 96  V,. 
Lane  2: CelI @sate 4  hours after IPTG induction. Lane  3: 
Inclusion .Bodies. in GM Guanidine IICI. Lane  4: Material 
prepared by. gel f&ration chromatography on  Sephacryl  
S-2m in .6&I Guaaidine HCI and  1  mM p-mercaptoethanoi.  

FIG. 13  shows’a schematic representat ion of the renatnr- 
ation of ant ibody Fv from den&ant.  Starting from the left 
of the diagram. oxidation of the individual V, and  V, chains 
takes @a& in-the presence of denaturant.  gefoldiig takes 
place.fallowing the removaI of chaotrope and  its replace- 
ment with PBS (bu&:r). Properly refolded V, and  V, chains 
reassociate to form an  active Fv complex capable of binding 
l&and. Incorrectly refolded chains form increasingly 
i&lubIe aggregates (agg). 

- . 

FIGS. 14. I5 and  16  demonstrate the inhibition of mAb96 
and  EGF binding by the recombinant mAb 96  (rFv). FIG. 
14. Positive’ control showing inhibition of “‘I mAb96 
binding by uulabeIled’mAb96.  FIG. 15. Inhibition of J2sI 
mAb96 binding by unpurif ied 96  Fv. FIG. 16. Inhibition of 
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‘=I-EGF binding by unpurilled 96 Fv. For A and 33, A431 
cells were prezincubated either with mAb 96 or with 96 rFv 
for 30 minutes at 4” C., and the radioligatid was allowed to 
bind for 90 minutes at 4” C. For PIG. 16, cells were 
preincubated with 96 rFv for 90 minutes before the Addition 
of radiolabelled EGF. 96 rFv was prepared as follows: 10 mg 
of each chain Cu,, and V, in BM urea w&e mixed; rapidly 
diluted to 30 ,qg/ml, and then concentrated in a stirred cell 
apparatus. Insoluble material wasdiscarded. Appro$mately 
5% of the final unpurified material is correctly refolded 9.6 
rFv. 

DETMLED DESCRIPTlON OF THE 
INVENTION 

EXAMPLE I 

Production of Monoclonal Antibodies 

A. Immunization and Somatic Cell Hybridization 

Balb/c mice were immunized~ by intraperitioneal injec- 
tions of CH 71 cells or CH 71 cell membrane preparation. 
CH 71 cells are Chinese hamster ovary ~l.ls which have 
been transfected with a plasmid. bearing a truncat&~form 
(deletion of most of the i&racellular domain of the EGF-A) 
of the EGF-R cDNA nivneh et al.. 3. BZoI. Gem.. Vol. 260. 
12490 (1986). These iransfected cells express approximately 
lo6 mutant EGF-R molecules/cell. The choice of~CH-71 
cells allows the selection in the first screening test of only 
hybridomas +se&reting antibodies against the extracellular 
domain of the EGF-R and avoids the selection of antibodies 
directed against the human spe&ic carbohydrates linked to 
the human EGF-R molecule. 

The mice were immunized three times on day, 0,X3, and 
32. The two best responding mice were each boosted by 
three intraperitione@ injections of CH 71 cells three con- 
secutive days before the fusion.. On day 65, the spleen cells 
of the mice were then fused with NSl. myeloma cells (ratio 
5/l) according to the general krocedure of Kohler and 
Milstein, using PEG 4000 (Merck) as the fusing agent. 
(Kohler and Milstein, Eur. J. Immuno., Vol. 6, 511-519 
(1976). 

B. Selection and Growth of Hybridoma 

The fusion product was diluted in hypoxanthinedzaserie 
(HA) selection medium (G. Buttin et al., Current Topics in 
Microbiology and Immunology, Vol. 81, 27-36, (1978)) 
instead of the hypoxanthine+amminopterin-thymidiw 
(HAT) selection medium and di&ibuted’in 96 well plates. 

The presence of specitlc antibodies in the medium of the 
wells of the growing hybridoma cells was first assayed by 
radioimmunoassay. Cells expressing or not expressing the 
EGF receptor were plated in 96 .wel.l plates. At coufhxent;y, 
they were washed once with binding medium (DMEM, 20 
mM Hepes, 0.2 BSA) and incubated for 90 minutes at room 
temperature with 100 ,uI of culture supematant from the 
different growing hybridomas. Cells were then washed 3 
times with binding medium and incubated for a further 60 
minutes at room temperature with 100 fil of a solutions of 
iodinated goat antimouse immunoglobulins (25O,&JO cpm/ 
100 ~1.). After 3 washes with PBS (phosphate buffered 
saline, pH 7.5), the cells were scraped from the wells and the 
radioactivity which was associated with their surface was 
counted using a gamma counter. The ability of the ailt&odies 
to bind specifically to the surface of cells expressiny~the 
EGF receptor (A 431, human flbroblasts or mouse 3T3 cells 
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12l 
trans&cted wilb‘humim EGF-R DNA constructs) was mea- 
sured in this way and ‘compared to their ability to bind to 
cells that do not express the EGF-R (a particular clone of 
mouse 3T3 cells). The’ positive hybridomas were cloned by 
limiting dilution and further tested by measuring their ability 
to imnumoprecipitate 3’% methionine or “P labeied EGF-R 
from &sates of cell lines of &&rent species (human, mouse, 
chicken). For this,, goat antimouse immunoglobulins were 
bound to protein A Sepharase by incubation of goat anti- 
mouse antibocly solution +itb protein ASepharose beads for 
30 minutes at mom temparature. This was followed by 
washing 3 times witfdIepes 20 mM, pH 7.4. Then the goat 
mouse Igs coated protein A sephamse beads were further 
incubated br 30 minutes at room temperature with the 
cuiture supernatant of the hybridomas, washed 3 times with 
HNTG buffer (Hepes 20 ml@* $50 mM, NaCI, 0.1% Tritonx 
100, 10% Glycerol-) a:ed incubated for 1 hour at 4 &egrees C. 
with the different cell lysates obtained by lysing cell mono- 
layers with solubilization ‘b$Ter (1% TribnxlOO, 150 mM 
NKI, 20 K&M Mepes; L.5 PM EGTA, 1.5 mM MgCb, 10% 
Glycerol, %rprotiriin, ‘leupeptin and PMSF as protease 
inhab&ors) and ~~nt&‘ugation of the lysate to discard the 
nuclear pellet. For “‘2, labeling, the immunoprecipitates 
were washed with HN’TG 3 times and then incubated for’15 
minutes with a 32P ATP soh&on (HNTG with 5 mM M&l, 
and, 3pCilsample of aal? ATP).Electrophoresis sample bulfer 
was then added and the samples boiled for ,lO min at 95 
degrees C. prior to loading on a 7.5% SDS polyacrylamide 
gel. Monoclonal antibodies PO896 and 42 were all found to 
be SpeeiRc for the human EGF-R. These antrbodies were 
also tested for t&ii ability to inhibit the binding of iodinated 
EGF ‘to the surface of cells exoressinz EGF-R. These 3 
antibodies inhibit the binding of EGF tois receptor, but the 
level of inhibition.vat?ed Gth 961-108>42. I 

EXAMPLE 11 

Cuhuring of Cell Lines 
A. Culturing of Human Oral Epidermoid 

Carcinoma Cells (KB Cells) 
The KB human tumor cell line derived from oral epider- 

moid carcinoma was obtained from the American Type 
Tissue Cuitum collection. The cells were grown in Dulbec- 
co’s modified Eaglets medium supplemented with 10% fetal 
calf serum depleted Gf complement activity by incubation at 
56” C, for 30 minutes~auil ‘grown in glutamine, penicillin, 
streptomycin and sodium pyruvate, at 37” C. in 5% CO,: 
95% air atmosphere. 

B. Culmring of Human Mammary Epithelial Cells 
(184 Cells) and Human Breast Cancer Cells 

(MDA-468 Cells) 
l&AIM4 and -184AIN4~T human mammary epithdial 

ceils were provided by Martha Stamp&r, Lawrence Berke- 
ley Laboratory*-Berkeley, Calif. 184AIN4 cells were main- 
tained at 37 G. in S% CG2.and IMEM supplemented with 
glutamine~(O.6 ,mgiml), fetal calf serum (0.5%), hydrocor- 
tisone (0.5 ,ag/ml), insulin (5 pg/ml) and EGF (10 @ml). 
184AIN4Twere maintained at 37 C. in 5% CO2 in IMEM 
(Bioguids, Rockviib, Md.3 supplemented with glutamine 
(0.6 -mg/mt), gentamiciri (4-o m&ml) and 10% fetal calf 
serum. tiDA-468 cells were cultured under the same con- 
ditions and medium as 184 AlN4-T cells. 

C. Culturhrg of 96 FgM and 108 IgG2a Hybridoma 
cell Lines 

, The 108 XgG2a hybridoma cell line was generated by 
immunizing r&w v&h CH 71 cells expressing the EGF 
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receptor and cultured under the same conditions as the RB 
cell line. The 96 IgM hybridoma cell line Was generated by 
the same procedure as that described for the‘ 108 IgG2a 
hybridoma cell line. 

EXAMPLE III 

A. Purification of 108 Monoelonaf Antibodies from 
Animals 

Ascites from animals injected with the 108 IgGZa hybri- 
doma cells were clarified bv centririfueation in an Eunendorf - -,* 
centrifuge at 4” C. for 10 min. Monoclonal antibodies were 
precipitated by slow addition of saturated ammonium sulfate 
at 4” C. to a Rnal concentration of 45% (v/v), pH 7.5, for 24 
hours. The precipitate was collected by centrifugation at 
10,000 g for 15 minutes and washed twice with 50% v/v 
ammonium sulfate, pH 7.5. at 4” C. Furtherpurifmation was 
carried out by affinity chromatography on Sepharose CL 
protein A (Pharmacia) in 0.14M:Tris buffer, pH 8,O and the 
108 monoclonal antibody was eluted with O.lM citrate 
buffer, pH 3.0, followed by extensive dialysis against PES. 

B. Purification of 96 Monoclonal Antibodies from 
Animals 

Ascites from animals injected with tbe 96 IgM hybridoma 
cells were clarified by centrifugation in a low speed, centri- 
fuge at 3000 RPM for 15 minutes, at 4” C. Monoclunal 
antibodies were precipitated by slow addition of saturated 
ammonium sulfate at 4” C. to a final concentration of 45% 
(v/v). pH 7.5, for 24 hours. The precipitate was CoUected by 
centrifugation at 10,000 g for 15 minutes and washed twice 
with 50% v/v ammonium sulfate, pH 7.5 at 4’ C. The 
precipitate was then dissolved in and dialyzed extensively 
against 50 mM TRIS, pH 8,O.S M NaCl. This mater&l was 
semi-purified by gel filtration using Sephacryl S-3000 
equilibrated in 50 mM TRIS, pH 7.8, NaClO.5 M. The peak 
containing the mAb96 antibody was pooled and dialyzed 
against PBS. 

EXAMPLE IV 

Purification, Specific Activity and Immunorea&&y 
of F (ab)‘,, and F(ab)’ Fragment of 108 MonoclonaI 

Antibody 
IO8 monoclonal antibody (5 m&ml) in O.lM sodium: 

acetate buffer at pH 3.9 was digested in the presence of 4% 
w/w pepsin (Worthington Biochemical Corpora&n, New 
Jersey) for 7 hours at 37” C. Digestion was terminated by 
adjusting the pH to 8.0 with 2M Tiis, followed by diaiysis 
against PBS at 4O C. Remaining intact IgG molecules were 
removed by protein A affinity chram&ography. The Fc 
portion and smaller fragments were removed by geIfittration 
on Sepharose G-100. For the preparation ofmanovalent Fab’ 
Eragment, the F(ab)t, (2 mg/ml) was reduced by 10. rnM 
dithiothreitol in 20 mM Tris buffer,pH 8.2, for l.hour at 37’ 
C. Alkylation was performed in, 40 mM iodoacetarnide for 
30 minutes at 37” d., followed by extensive dialysis against 
PBS at 4O C. Purity and comnlete’digestion of the various 
fragments were analyzed by *sodium-dodecylsulfate poly- 
acrylamide gel electrophoresis (SDS-PAGE). 1251-labeIing 
of 108 monoclonal antibody was, performed by the.ehloram- 
ine T method (Hunter and Greenwood, Preparation of 
‘3110dine Labeled Human Growth Hormone of High Spe- 
cific Activity, Nature, Vol. 196, 465-6, (1962)). Specific 
activities of about 3~10~ cpm/lug IgG were usually obtained. 

The F(ab)‘z and F(ab) fragments of 108 monoclonal 
antilbody were fully immunoreactive when comprired to 
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native intact 108 mcnoolonal antibody in their capacity to 
compete with the binding of lz51 labeled 108 to EGF 
receptors exposed OFI ICf3 cells. 

EXAMPLE V 

108 Monoclonai Antibody Binding Properties 

A. 108 Monoclodal Antibody Binding Activity to 
Cell !Surfaee‘ ECF Receptors 

The antibody binding activity of 108 hybridoma super- 
natant wasdetermined by an indirect immunofluorescence 
assay. Q cells (2x10: per sample) were trypsinized 24 
hours before the assay and placed in test tubes (Falcon, 
polystyrene roundbottom tubes),)..Prior to assay, the KB cell 
suspensions were washedwith cold PBS and incubated with 
108 hybridoma .supernatanf for 45 min. at 4” C. After 
washing with PBS containing 1% bovine serum albumin, the 
cells were incubatecl~ with ~fluorescein labeled rabbit auti- 
mouse IgG for 4S’min. at 4” C. Cell samples were suspended 
in PBS and analyzed by a fluorescence cell sorter (FACS II, 
BectinDickenson, Mountainview, Calif US&). 

Uniformity of receptor expression was shown by positive 
stain in at least 96% of the cells compared with absence of 
staining observed with supernataat of hybridoma raised 
agaidst human hepatitis B virus (7HGl). Scatchard analysis 
of a&body binding parameters at 4’ C. revealed an average 
of 2x1@ binding-sites Per cell with KD of 1.8~10” M-l. 

8.. A Competitive Radioimmunoassay of Epidermai 
Growth Factor with 108 Monoclonsl Antibody and 

its Fragments 
KJ3 cells ~105!weU in 24 welt plates; NUNC) were grown 

for 24 hours, washed with PBS and incubated with different 
concentrations of ‘either native antibody or its fragments in 
DMEM containing j.% bovine serum albumin for 1 hour at 
4O CT; or at room temperature, in the presence of s2sI 108 
mont3clona1 antibody (about 1~10~ cpmiml.). Thecells were 
then washed, solubilized in O.SN NaOH and their radioac- 
tivity was determined~ in a couuter (Kontron, Switzerland). 
Nor&specific bindinj; ‘was, determined by the addition of 
loO-fokl excess of unlabdbd monoclonal antibody. Results 
are presented as the percefltage of radioactivity associated 
withthe cells incubatedwirh unlabelled antibody (intact or 
fragmented) vs. radioactivity associated with ceils incubated 
without the addition of cold antibody. 

EGF competes with the. binding of the antibody to the 
receptor to a maximal level of about 70%. 

C. In Viva Localization af the Radiolabeled 108 
Monoclonal Antibody 

IS3 cells (4x10’) were inoculated subcutaneously on the 
back\ of nude mice (S-6, weeks old). After 14 days, when the 
tumor reached a size of about 1.2 cm. diameter, lz51 108 
monoclonal antibody was injected intravenously or intrap- 
eritoneally’ (~5x10~ cpm; 3~10~ cpm/Fg}: 7HOl 225i mono- 
clonsil antibbdy to human hepatitis B virus IgGZa served as 
control. Four days after the administration of antibodies, 
animals were killed and the radioactivity in the different 
t&u-es was determined. Means of at least four animals per 
group are presented. 

Bath intravenous and intraperitioneal administration of 
the fagged ‘108 monoclonal iintibody resulted in antibody 
concentration at the tumor’ mass. Administration of control 
IgG resulted in no concentration at the tumor mass when 
given intravenously, while. a marginal concentration in the 
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tumor was detected when the antibodies were administered 
intraperltoneally. The percentage ,of injected dose a&umu- 
lated at the tumor mass 96 hours post intravenal injection 
were 7.821.1 and O.S*O.l.for monoclonal antibody 108 and 
7HOI monoclonal antib,ody (control antibody) reipe‘etively, 
and for the intraperitioneal injection 7.5~0.4 and 1820.2 
respectively. 

EXAMPLE VI 
96 Monoclonal Antibody Binding Properties: A 
Competitive Radioimmunoassay of Epidermal 
Growth Factor with 96 Monocional Antibody 

Washed, confluent MDA-468 cell monolayers in 24-well 
culture plates were incubated at 4 C. for 2.5 hours with or 
without various concentrations of antibody or utiabeled 
EGF in binding buffer (IMEM, 0.1% BSA; 50 mM HEPES)I 
[12’I]EGF (Sk SO-160 @.X/p& ICN Radiochemicals, CA) 
was added for a final concentration of 1 nM. After‘mcuba- 
tion the monolayers were washed, solubilized with lysis 
buffer (10 mM Tris, 1 mM EDTA, 0.5% SDS; pH 7.4) and 
radioactivity was determined using a gamma-counter (LKB- 
Pharmacia). 

All four antibodies were able to inhibit. the binding of 
labeled EGF whereas nonspecifia IgG or IgM were ineffec- 
tive. The two antibodies most qt&ctive in inhibiting cell 
growth (125 l$M and 225 IgG) were also the most&%cfitpe 
in inhibiting [ asI]EGF binding. These antibodies were able 
to block [‘?‘]EGF binding to a greater extent than unlabeled 
EGF. 

EXAMPLE VII 
Utility of 108 Monocional Antibody 

A. Colony Inhibition Assay of KB Cells 
KB cells were seeded in petri dishes (50x15 mm2, 

NUNC) at a concentration of 2xid cells per dish. After 16 
to 24 hours medium was replaced with a tkesh one contain- 
ing different concentrations of either native or fragmented 
108 monoclonal antibody with or without EGE On the sixth 
day cultures were fed with fresh medium containing the 
above ingred.ients. On the 15th day the cultures were washed 
with PBS, fixed with 4% v/v formaldehyde in PBS for 15 
min. and stained with hematoxylin. Number of formed 
colonies (25 cells) was then determined. 

Exposure of KB cells to EGF (160 nM) resuIted in an 
increase to 150% in the number of colonies counted 15 days 
after seeding (14 days after the beginning of the treatment) 
as compared to cells incubated in the abSence of growth 
factor. In addition EGF caused an increase in the size of ISI3 
cell colonies. When a similar experiment was performed in 
the presence of 108 monoclonal antibody (1.6 @VI) the 
number of cell colonies was reduced to 30% of control 
values. Moreover, a TOO fold excess of 108 mopoolonal 
antibody added together with EGF given at concentration 
which caused a 50% increase in the colony number, mduced 
the number of colonies to 20% of control values. Wtider the 
same conditioos, F(ab)‘, fragments of 108 monoclonal anti- 
body had no effect on the number of KB colonies. Yet when 
addkd in loo-fold excess to EGF, the F(ab)‘, fragments are 
able to abolish the effect of EGF on the number of formed 
colonies (from 150% to 103%) Incubation with the same 
concentration of monoclonal antibody to dinitrophenyl 
(DNP) did not affect the number of Formed colonieS. 

B. Antitumoral Activity ,of 108 Monoclonal 
Antibody and its Fragments in Nude Mice 

ISB cells (12~10~) were injected subcutaneously into nude 
mice, followed by either one or several infravenal injections 
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of the 108 monoclonal antibody, starting one day after tumor 
cell injection. Tumrrr parameters were measured twice a 
week with a baliper andits vtilume was calcuIated according 
to the formula: Tumor volume‘(mm’)-lengthxwidthxbeight. 
In order to validate volume measurements, correlation 
between tamor volume and tumor weight at the day of 
animal killing was assessed. 

The antibody was assayed for its capacity to inhibit the 
growth of KB cells in nude mice. Animals received 1 mg of 
either 108 monoclonal antibody or control monocional anti- 
body to dinitrophenyl at da$s 1, 5, 12 and 18 after tumor 
inoculation. The fragnients F(ab)‘2 and Fab’ were given at 
antibody equivalent: doses. The 108 monooional antibody 
treated group signifhzmtly retarded tumor development and 
growth when compared to the group treated with control 
monoctonal antibody (P<OO17, student-t test). The F(ab)‘,, 
was found ‘to Bee& tumor growth but less efficiently than the 
whole a&body (P;ea.O5 student-& test for days 12, 17,22, 
25). Fab’ fragment did.not et the tumor growth. A single 
2 mg dose of 108 native, monoclonal anubodv &en one dav 
after injection of tumor cells was found to be as ef&ient ai 
four treatments of 1 mg given at davs 1.5. 12 and 18 after 
tumor inoculation. In anarher experiment, when animals 
were treatedwith a single dose of 0.66 mg F(ab)l, fragments, 
the antitumoral etTe~ect was s&$&y lower, yet a significant 
ditTerence between the control and the treated group was 
found using the Mann Whitney analysis (PeO.03 far days 9, 
12, 14,17) and student-t Eesi (Pa~O.05 davs 9.12). At the dav 
of sacrifice, tumors were measured and then Geemoved f&r 
weight determination. The correlation coefficient between 
the tumor volume and the tumor weight was 0.95 
(P<O.iN301). 

C. Tumor Growth in the Peritoneal Cavity 
The inje&ion of ‘3~10~ KB cells intraueritoneallv one 

week after mice (Nude in. general background) received 
x-irradiation (400 rads), brought about the development of 
an ascitic .growth. The intrapddtioneal tumor-bearing mice 
died ,after 30 days. Three intravenous injections of LO8 
monoclonal antibody (0.5 mg each) prolonged the life span 
of animals with 30% bf animals not devebping tumors at all. 

D., Tumor Growth’ in a Metastatic Form 
The meta&aticform of”the.KB tumor could be obtained by 

the injection of the cells-intravenously (iv). Mice injected 
with; 1.5~10” EC.& c&s devefoped tumor nodules in the 
lungs 4-6 weeks after their, implantation. This tumor model 
mimics the situation in the clinic, where tumor cells infiltrate 
into ‘intemaf orgaus. Tl& ,is the major problem in the 
treatment of cancer. The‘KB celI injection was followed by 
3 Intravenous injections of 0.5 mg 188 monoclonal antibody 
at days 6, 9 and 13 after the tumor call injection. At the 
termination of the‘ experiment, the lungs were removed, 
fixed in formaklehyde, .a$ paraffin embedded. Serial sec- 
tions were ,cut 4-S ym in thickness and stained with hema- 
toxyBn. The number of me&static nodules of various depths 
fhrough the lungs was &mined by light microscopy analy- 
sis. Isolation of three met&static cell clones From lungs of 
tumor bearing animal‘s and their assay for receptor levels 
reveal&d persistence crf receptor expression, Treatment by 
the antibody reduced the number of lung tumor nodules to 
15% of those in the respective controls. (PcO.05 Mann- 
Whitney analysis). 

EXAMPLE VIII 
Utility of 96 Monoclonal Antibody 

A. 96 Inhibits 184AlN4 and MDA-468 Cell 
Growth 

184AIN4 and MDA-468 cells were passed (5,OOO/well) 
into triplicate wells of 24-well plates and allowed to attach 
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before antibody was added. 184AIN4 growth m&a con- 
tained 1 @ml EGF and differing amounts of EGFR anti- 
body which was added to the growth triedia. simultaneously 
with the EGF. MDA 468 growth’ media contained no EGF. 
Growth media was changed after 48 hours and the cells were 5 
counted after 4 days. At the end of the experimentai growth 
period cells were harvested with trypsin-EDTA and ;l?ounted 
using a Particle Data cell. counter (Particle Data, Inc., 
Elmhurst, Ill.). Data is % control cell numbers (mean&SD). 
96 IgM(~--a), 42 IgM(o--e), nonspecific IgM(&--A), 10 
225 IgG{c+-o), 108 IgGfO--C1), non-speci&z IgG 
(A-A). (See FIGS. 4A-4D) 

B. 96 Colony Inhibition Assay of 184AIN4 Ceils 

184AIN4-“I cells were suspended in semisolid agar 15 

medium cootaining 0.4% Bacto-Agar (D&o, Detroit, 
Mich.), IMEM,lO%~FBS and treatments. Cells were plated 
(lO,OOO/dishl~ into triulicate 35 nM culture dishes o&taining 
i ml IMEhi, 0.6% agar and 10% PBS. The dishes were 2. 
incubated for 10-14 days at 37 C. in 5% CO in the Presence 
of 20 nM aEGFR or 20 nM donspeciflc antibadies and 
increasing concentrations of EGF. Data are meau &SD) 
number of colonies greater than 60 &I. A) IgG:225 IgG 
(O---O), 108 IgG ( o-o), non spkcific IgG (A-A). B) IgM: 
96 IgM (O-U). 42 IgM (*----cr), nonspecific igM (A-A). 25 
Cell colonies larger than 60 urn, in diameter were c;ouated 
using a Bausch & Lomb colony counter (See FIGS. JA-5B). 

C. 96 Colony Inhibition Assay of MDA-468 Cells 3. 

MDA-468 cells were suspended in semisolid agar 
medium containing 0.4% Baqto-Agar (Difco, Detr&, 
Mich.) IMEM. 10% FBS and treatments. Cells were nlafed 
(lO,Odo/dish) into triplicate 35 mm culture dishes cq&ning 
1 ml IMEM, 0.6% agar and 10% FIBS. The dishes were 35 

incubated for 10-14 days at 37 C. in 5% CO2 iu the~presence 
of 20 r&I aEG”FR or 20 nM nonspecilic antibodies and 
increasing concentrations of EGF. Data are mean @SD) 
number of colonies greater than 60 urn. A) IgG225 IgG 
(O--(I) 108 IgG (A-A) non-specific IgG (A-A), EGF 40 

alone (o-o). B) IgM: 96 IgM (A-A), 42 Q&%(+-O) 
nonspecific IgM (A-A) EGF alone (o--35)). Cell colonies 
larger than 60 nM in diameter wbre counted using a Bausch 
& Lomb colony counter. (See FIGS. 6A-6B) 

45 
EXAMPLE IX 

Utility of 108 Monoclonal Antibody 

,4. Administered with Doxorubioin SO 

Monoclonal antibody 108 were injected to form asubcu- 
taneous tumor. Four doses of Oj4.5 mg of 108 monoclonal 
antibodv and 37.5 UP of doxorubicin (adriamvcin) were 
given 24 hours after th: tumor injection and repeited 3 times 
at 3-4 day intervals. The volume ‘of the tumor was ccmrparti 5s 
to the controls: phosphate buffered saline antibody alone or 
drug alone. (See FIG. 1.) 

B. Administered with Cisplatin 
60 

a) Asingle treatment comprising 1.8 mg 108 monoclonal 
antibody and 100 Fg cisPlatin was administered tweaty four 
hours after the subcutaneous tumor inoculation with 2~10~ 
KB &Is. The results are presented in FIG. 2. 

b) A single treatment comprising 1.9 mg 108 mon@onal 65 
antibody and 0.1 lug cisplatin were injected intravenously 
each in a separate needle 2O.hours after the tumor trans- 
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plantation. The combined treatment was significantly better 
than each ofthe treatments alone (P&:02 by student-t-test, 
PcfHL?O7 by Mann Whitney analysis, FIG. 3). 

EXAMPLE x 

Expression ,and, Recombination of Separate Chain 
Constructs of 96 and 108 V, and V, Chains 

A. E. co& Strains and Plasmids 

E. co& strain BL21 (DE3) and the plasmid expression 
vector pET8c were kindly provided by Dr. F. W. Studier of 
Brookhaven National Laboratories. This plasmid contains a 
fragment of T7 DRfA specifying the gene 10 promoter 
inserted into the BarnHI s@e of pBR322 so as to direct 
transcription couaterc;l&kwise. This plasmid also provides a 
transcription terminator for T7RNApoIymerase, a ribosome 
binding site and au ATG for translation initiation, with the 
ATG:overlapping’ an Ncol restiiction site (CCATGG). 

The plasmid pET8c (Krn9wa.s also received from Dr. 
Studier‘and was constr&ted~by removing the arnpiciIIin 
resishnce eerie from DET&C f21.22.271 via excision of a 
BspWI-I&RI fragr&nt @I&322 ‘bp -3195-4361) and 
replaoing it with an 869 bp fragment encoding kanamycin 
resistance (Km&), with the Kr@ gene oriented clockwise in 
the vector. The J&r? gene’derives from Tn903 1281 and was 
obtain&d using the polymerase chain reaction with 
pUC4KISS 5293 as template. The fragment carrying the 
Kn.?‘gone starts 5.0 rn.mleotides ahead of the v initiation 
codon and ends exa&ly at the termination codon. A Strat- 
agene PBS plasmid DNA(BluescripC II SK+, Stratagene; La 
Jolla, Calif.) was used as a sub-cloning ve&or and trans- 
formed into,zzommercially avdlable E. coli host cell strains 
such, as Xnvitrogea DN-1 competent cells (Invitrogen, San 
Diego, Calif.). 

B. Oligonucleotides and Chemicals 

Oligonucleoticles were synthesized on an Applied Biosys- 
terns, Model 380A synthesizer using the phosphoramidite 
method. AlI rautiue chemicals (e.g. urea, Tris, buffer, DNP- 
lysi& em.) were pur&asecl:ioa[l standard suppliers such as 
Sigma (St. Louis, Mo.) and.Fislrer (Pittsburgh, Pa.). Radio- 
active chemicals were purchased from New England 
Nuclear @&on; Mass.). Restriction and other DNA- 
modifying enzymes (e.g. ‘I’4 DNA ligase, T4 polynucleotide 
kinase, calf intestinal phosphatase etc.) were purchased from 
standard biotecImology marrufacturers such as New England 
Biolabs (Beverly, h4ass.) and Boehringer Mannheim 
(Indianapolis, Iud.). 

C. Identification of MonocIonal Antibody 108 and 
96 cDNA Clones 

In order to obtain cDNAclones for both 108 and 96 light 
and heavy chains, poly @)-containing RNA was isolated 
from the r&p&ive hybridoma dell linesusing standard 
methods [SO]..,The first strand cDNA was synthesized using 
an oligo (dT) primer, The l&t strand cDNA was then used 
as a template fooisee-nd strand synthesis using the method 
of ffubler and IIoffman [Z&l]. The double stranded cDNA 
was ‘then treated wiih EcoRI methykrse and DNA poly- 
merase using ma&on conditions described in Mania& [30]. 
The mixture was then cleawecl with EcoRI and fractionated 
on an 8% polyacrylamide gel DNA with a size greater than 
600 bp-was &ted from the gel and then&ollected by ethanol 
precipitation. The &l-IA was then inserted into EcoRI 
cleaved and’phosphatase treated lambda gtll DNAusing T4 
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DNA Ligase, to produce a library of approximat*iy one 
million transformants. Two separate libraries were 
constructed, one for identifying 108 sequences and the 
second for identifying 96 sequences. V,, and V, cDNA 
clones were identified by hybridization with an ohgonucle- 
otide probe specific for the constant region. Insert RN&. from 
positive phage was subcloned into pBS vectors. The DNA 
sequence for the V, and V, coding regions were verified for 
all V, and V, clones selected for further study. DNA 
sequencing reactions were carried out as per manufacturers 
instructions (Sequenase, USB, Cleveland, C&in). 

cDNAclones encoding the variable regions of both mono- 
clonal antibody 96 and 108 heavy and light chains were 
obtained from cDNA libraries constructed from the respec- 
tive hybridoma cell lines. The riucleotide sequence of all 
four variable regions is shown in FIGS. 9;12. 

D. Construction of Expression Vectors for V, and 
V, cDNA 

In order to direct expression of the various VH and V, 
cDNAs they were placed under the control of the bacte- 
riophage T7 promoteq21,22,27], In this system, the cDNA 
is placed into a vector containing the promoter and tzansla- 
tion initiation signals for the T0 protein of bacteriophage 
T7. T7 RNA polymerase can then bc delivered to the host 
cell by either induction or infection. In the present example 
the antibody expression vectors were placed into a cell that 
carries a prophage containing the gene for T7 RNA poly- 
merase under control of the lac UV5 promoter. Addition of 
the lactose analog IPTG to a gro$ng culture of cellsinduces 
T7 RNA polymerase, which in turn ,transcribes the target 
DNA in the plasmid. Transcription by T7 RNA polymerase 
is so active that target RNA c&n accumulate to amounts 
comparable to ribosomal RNA and target proteins can con- 
stitute the majority of cellular protein. 

Plasmids expressing the antibody V, .or VH sequence and 
conferring resistance to kanamycm were constructed from 
pET-8c(Kmn) and PCR products derived from the various 
cDNAs. Briefly, four ohgonucleotides each capable of 
hybridizing to the 5’ of one of the various cDNAs were 
designed. Ah four oligonucleotides incorporated an Ncol 
restriction site. Similarly, four oligonucleotides each capable 
of hybridizing to the 3’ of one of the various CD&Q were 
also designed. In the latter case all four oligouucleotides 
incorporated an BamHI restriction site. 

Four separate PCR reactions were carried out using the 
appropriate combination of template DNA(108 Vi, or V, 
and 96 V, or V,) and PCR primers. Folloi&ng 3O cycles of 
PCR the various reaction products were digested with Ncol 
and BamHI and the insert fragment was then ligated to 
Ncoh’BamHI cleaved pET8c(ISmR). The resulting plasmid 
DNA was then transformed into E. coli DH-1 cells and a 
single isolate from each transformation was identified that 
released the appropriate size fragment by digestion with 
NcoI and BarnHI. DNA from a positive isolate for. each of 
the four chains was then used to transform E. coli BL21 
(DE3). A sir@e isolate from each of these transformations 
was the used for expression of the varicms chains as 
described below. A schematic diagram of the expression 
vector constructs is indicated in FIG.,& 

E. Expression of V,, V,, anil sFv Genes in E. cc& 

Fresh overnight cultures were diluted 1:fOO and grown to 
an 0.D.595 of LO.4 and then induced with 1 mM.i&propyl 
B-D-thiogalactopyranoside (XPTG). Samples were removed 
at selected time points, centrifuged and the pellet resus- 
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pended in sample buffer (Xl mM Tris-HCl pH 6.8, 3.0% 
SDS, 15% “glycerol, Ol-$-mercaptoethanol, 0.001% bro- 
mophenol blue dye) before, analysis by SDS gel electro- 
phor,e& [32]. 

Expression vectors contaiaing the various recombinant Fv 
constructs under’ the control of the T7 promoter were intro- 
duced i&o BL21 (DE3) cells @I, 22,271: This cell line is an 
E. co& lysogen containing a single copy of the gene for T7 
RNA polymetaae in the chromosome under the control of 
the IPTG-induc~ible lac UV-5 promoter. The addition of 
IPTG ta cell cnltires elevates the expression levels of T7 
RNApofymerase and thus indirectly induces the expression 
of recombinant proteins uncler.the control of T7 promoters. 

F. Protein Purification 
The first step in the purification af the individual V,, V,, 

or sFv proteins ~8s their is&&on in the form of bacterial 
inclusion bodies. E. c&i cell pellets from 500 ml induced 
cultntes (2-4 hours with Z mM IPTG) were resuspended in 
20 ml of 50’ m&l T&s-I-RX, pH 9.0, 2.0% glycerol and 0.1 
mM EDTA. This su.@eusion was sonicated 2~15 sec. on ice 
and then centrifuged at l.S;OOO g for 20 min. The precipitate 
[containing essentially all of the V=, VI-, or sFv proteins) 
was icesuspetaded in 8 M urea, 50 -mM Tris-HCl-pH 8-d, 
sonic&ted 2x15 sec. on ice, stored overnizht at 4” C. and then 
clarified by centrifugadon at 15,OOO g for 20 min. Supema- 
tant samplesin urea were adjusted to -1 m&ml (VI-I, VL) or 
-0.1 n&ml (sFv), as calculated from absorbance measure- 
ments using extinction CoefEcients Ease ~~ 1 cm0.1%=2.0 for 
V,, 1.0 for Vi, or f-5 for Fv (used also to estimate sFv) [6] 
and stored overnight at 4” C, These samples were either used 
directly for analysis of refolding and recovery of active Fv 
or processed for further purification. 

V,, V,“, and SFV proteins purified from bacterial inclusion 
bodies v&e solub&zed in‘6 M Guanidine HCl, 50 mM 
Tris-I-Xl pN 8.0, 5 mM EDTA and 1 mM 
@-mercaptoethanol. Sitt exclusion chromatography was 
performed on a Sephaoryl S-200 column (3x90 cm). 
Samples of S-ZOO purified V,,, V,, or SFV protein were 
further treated by ion-exchtige chromatography following 
buffer exchange by dialysis to 8 Mutea, 50 mM Tris-HCI pH 
8.0, 20 mh@ NaCl, O-01’ mM ‘8-mercapmethanol. Samples 
were: passed over a 5 ml’ QSepharose anion exchange 
column and &ted with a 0.02-O.5 M NaCl gradient in 8 M 
Urea, 50 mM Tris-HCl pH 8.0. 

Peptides &om each of the,‘separate chain constructs (VNor 
V,) bud the sFv were found primarily in the form of 
insoluble inclusion bodies. This finding was consistent for 
proteins over-expassed in E. wli [341&d from a purifica- 
tion @andpoint, this sequestration was useful since recom- 
binant proteins were conveniently isolated in a highly 
enriched form. 

V,, V,, and sFv proteins exhibited minimal solubility in 
nondenaturing solve&s an& therefore, were dissolved in 
either 8 M urea or 6 M guanidine hydrochloride (Guanidine 
HCl); When thesechaotmpes were removed either slowly by 
dialysis ar rapidly by dilution, V, remaintxl soluble longer 
than ‘V,. However, neither iqdividuaf chain remained in 
solution in PBS except at low protein concentration (less 
than 50 @g/ml). Significantly rticombinant V, and VL chains 
did remain in solution in PBS at concentrations up to -1 
mg/ml when later re&vered as active Fvs. 

Further puri8cation of recombinant V,, V,, or SFV pro- 
teins isolated iti inclusion bodies and solubilized in Guani- 
dine NC1 wirh‘reduction was performed,by size exclusion 
chromatography. Recoveries of S-ZOO purified V,, V,, and 
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sFv proteins Eollowing size exclusion chrvmatography var- 
ied with different inclusion body preparations and ranged 
from lOO-ZOO mg/Iiter. 

G. Refolding of V,, V,, and SFV Peptides 

The refolding of V, and V, peptides was carried out by 
the method of Hochman et al.[l& 333 Equimolar amounts of 
V, and V, proteins were added together in 8 M urea, 50 mM 
Tris-HCl, UN 8.0. to a final vrotein concentration of -1 

_ &  

mg/ml, Refolding was initiated by the removal of qhaofrope 
either by extensive dialysis in PBS or by rapid dilution 
ZO-fold into PBS. Refolded material following rapid dilution 
(final urea concentration eqnal to 0.4 M) was maintained at 
room temperatnre for a minimum of 30 minutes. 

Refolding of sFv protein was preceded by reduction af 
SFV in 8 M urea, 50 mM Tris-HCl,‘pH 8.0, at 37O %. for 1 
hour with 0.1. M &mercaptoethanol. Reduction was carried 
out at protein concentrations of 1 mg!ml and then diluted 
with the same buffer to 50-100 CLglml. The diluted sample 
was then dialyzed extensively, first against 8 M urea, $0 mM 
Tris-I-Xl, pH 8.0, and then to final equilibration in PBS. 

Recombinant V, and V, and sFv peptides expressed to 
high levels in E. coli were found to be, as anti&pated, 
sequestered in insoluble inclusion bodies&s a result, strong 
denaturants were required for protein solubilization. The 
recovery of active protein following this treatment was 
dependent upon the use of an effective in vitro refolding 
procedure. 

In general, protein refolding is: initi+ted by the removal of 
the solubilizing chaotrope under conditions designed to 
promote the most effective outcome. FIG. 13 illustrates this 
general scheme by outlining a simple model ~of the steps 
required for protein refolding of an antibody Fv, In this 
model, oxidation of the individual V, and V, chains takes 
place separately, each in the presence of denaturant. Intra- 
chain disultlde bond formation within the relaxed chains is 
concentration dependent and the proper formationof these 
bonds presumably promotes the most effective subsequent 
refolding. Refolding itself is initiated by the tra&er of the 
combined V,, and V, protein from denaturant into a,physi- 
ological buffer (e.g. PBS). Successfiilly refolded V,and V, 
chains can then associate together to form an active Fv 
complex capable of speciftc ligand binding. 

A standard procedure for the refolding of recombinant 
108 and 96 V= and V, was adopted based upon thk candi- 
tions originally used by Hochman et al. [i& 331 torenature 
the native MOPC315 V, and V,. Solubilized recombinant 
108 or 96 V,, and V, chains (either directly from in&rsion 
bodies or after further purification) were allowed to oxidize 
in air to greater than 90%. The ‘separate chains were com- 
bined in denaturant, diluted 1:ZO in PBS, and allowed to 
refold at room temperature. The refolded chains were then 
used in the binding experiments described below. 

H. Biological Activity 

FIGS. 14 and 15 show that, in a,competition binding 
experiment, the 96 rFv competed for biding of MAb 96 to 
A431 cells. Similar results were observed for 108 rl?v 
competing for MAb 108 binding to A431 cells. The 96 rFv 
also inhibited the binding of radioiodinated EGF to A431 
cells, as shown in FIG. 16. 

Antibody fragments may be produced by proteolytic 
degradation of entire immunoglobulin molecules, or by 
recombinant expression of DNAs encoding antibody fiap 
merits. The antibody fragment 96 Fv does not cause the 
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receptor to @met&e, and does not activate the receptor. The 
antibody fragment induces internalization of the receptor 
without inducing its degradation. A toxin, radiochemical, or 
drug can be‘attached to the k&body fragment. The use of a 
variable region antibody fragment directed to a cellular 
receptar is useful in targeti@ drug delivery to cells express- 
ing that receptor in order to affect cellular physiology andior 
metabolism. 
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SEQUENCE LISTING 

(1) GENERAL lNFOlWlATION: 

(iii) NUMBER OF SEQUENCESa l? 

(2) INFORMATION FOR SEQ ID,NO:l: 

(i) SEQUENCE CHARACTE~ISTLCS: 
(A) LENGTH: 45 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNES~~: double 
(D) TOPOLOGY: l&hear 

(ii) MOLECULE TYPE: otlxer nucleic acid 

(xi) SEQUENCE DESCRIPTTONt SEQ ID NOsIt 

TCCGGAGGCG GTGGCTCGGG CGGTGGCGGC TCGGGTGGCG GCGGC 

(2) INFOR.MiWION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

{xi) SEQUENCE DESCRIPTIONs SEQ ID NO:Zt 

Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Sar.Gly Gly Gly Gly 
1 5 10 15 

(2) INFOlWATION FOR SEQ ID NO:3: 
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-cantinued 

(it SEQUENCE CHARACTERISTICS: 
(A, LENGTH: 12 base paire 
(IS) TYPE: nudleic acid 
(C) STPANDEDNESS: double 
(II) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NUr3: 

ACCATGGATG ‘PT 

(2) INFORMA’CTON FOR SEQ ID NO:4: 

(i) SEQUENCE CRARACTERISTIC5: 
(A) LENGTH: 15 base pairs 
(13) TYPE: nucleic acid 
((3) STRANDEDNESS: double 
(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NQ:4: 

GCTGCATGAG GATCC 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 
IA) LENGTH: 12 base naics 
iBj TYPE: nucleic! a&d 
(C) STRANDEDNESS: qkmble 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:Sr 

ACCATGGAAG TO 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 base pait-s 
(8) TYPE: nwzleic acid 
('2) STRANDEDNESS: double 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: otkes nucleic acid 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:68 

TCTGCATGAG GATCC 

(2) INFORMATION FOR SEQ ID Nb:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 base pairs 
(B\ TYPE: nucleic acid 
iCj STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

ACCRTGGAAA TC 

(2) INFOFtMATION FOR SEQ ID NO:8: 

(i.) SEQUENCE CmCTERISTICS: 
(A) LENGTH: 12 base pairs 
(B) TYPE: nucleic acid 

12 

12 

12 



US 6,217,866 ‘Bl 
27 28 

-continued 
(C) STRANDEDNESS: double 
(I)) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOrS: 

ACCATGCAGG TT 

(2) INFORMATION FQR SEQ ID NO:9: 

(i) SEQVXNCE CHARACTERISTICS: 
{A) LENGTH: 18 base paira 
(13) TYPE: nucleic bcid 
(C) STRANVEDNESS: double 
(I)) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

TCCTCCTAAT AAGGATCC 

(2) INFORMATION FOR SEQ ID NO:IO: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 363 base pairs 
(l3) TYPE: nucleic acid 
(C) STRANDEJJNESS: double 
(1)) TOPOLOGY: lineer 

(ii) MOLECULE TYPE: CDNA 

(ix) FEATURE: 
(A) NAME/KEY: CDS 
(I3) LOCATION: 1..363 

(Xi) SEQUENCE DESCRIPTION: SEQ LD NO:10: 

CAG 
GlIl 

1 

TCA 
Ser 

OTT CAG CTG CAG CAG TCT GGA GCT GAG CTG ATG AAG CCT GGG @CC 
Val Gin Leu Gin Gln Ser Gly Ala Glu Leu Met Lys Pro Gly Ala 

5 10 15 

GTG RAG ATA TCC TGC AAG GCT ACT GGC TAC ACA Tl'C AGT AGT TA& 
Val Lys Ile Ser Cys Lya Ala Tbr Gly Tyr: Thr Phe Ser Ser Tyr 

20 25 30 

TGG ATA GAG TGG GTA AAG CAG AGG CCT GGA CAT J%C CTT GAG TGG ATT 
T?=P 11-a Glu Trp Val Lys Gln Arg Pro G&y His G1y Leu 01x.x Trp Ila 

GGA 
GUY 

AAG 
LYS 
65 

ATG 
Met 

35 40 4= , 

GAG ATT TTA CCG GGA AGT AAA XkAA ACT AAC TAC AAT GAG AAG TJ!C 
Glu Ile Leu Pro Gly Ser Lye Lys Thr Asn Tyr ABn Glu Lya Ph'e 
50 55 60 

GGA AAG GCC ACA TTC ACT GCA GAT ACR TCC %?CC AAC RCA GCC TAC 
Gly Lye Ala Thr Pha Thr Ala Asp Thr Ser Ser Asn Tbr Ala Tyr 

70 35 80 

CAA TTT AGC ACE CTG AC% TCT ulr; GAC TCT GCC GTC TAT TAC TGT 
Gin Phe Ser Ser Leu Thr .+kx Glu Asp Sel; Ala Val Tyr Tyr Cys 

85 90 95' 

GCA 
Ala 

CAA 
Gln 

AGA TAT TAC TAT AGG AAC GAC GAC TAT GGT ATG GAC TAC TGG GGT 
Arg Tyr Tyr Tyr Arg Asn Asp Asp Tyr Gly Met Asp Tyr Trp Gly 

LOO 105 110 

GGA ACC! TCA GTC ACC GTC &CC TCA 
Gly Thr Ser Vnl Thr Val +r Ser 

115 120 

(2) INFORMATION FOR SEQ ID NO:ll: 

48 

96 

144 

192 

240 

288 

336 

363 

(i) SEQUENCE CHARACTERLWXCS: 
(A) LENGTH: 121 am+no acids 
(13) TYPE: amino acid 
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-continued 
(13) TOPOLOGY: lineflr 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTIO!+: SEQ ID NOtll: 

Gln Val Gin Leu Gin Gin Ser +ly Ala Glu Leu Met Lys Pro Gly Ala 
1 5 I.0 15 

.Ser Val Lys Ile Ser Cys Lys Ala Thr Gly Tyr Thr Phe Ser Ser Tyr 
20 25 30 

Trp Ile Glu Trp Val Lys Gin bag Pro Gly His Gly Leu Glu Trp Tie 
35 40 d5 

Gly Glu Ila Leu Pro Gly Ser Lys Lys Thr Asn Tyr Asn Glu Lye Phe 
50 55 66 

Lys Gly Lys Ala Thr Phe Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr 
65 70 75 80 

Met Gin Phe Ser Ser Leu Thr Ser Glu Asp Sex Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Tyr Tyr Tyr Acg Asn Asp Asp Tyr Gly Met Asp Tyr T"P Cly 
100 105 110 

Gln Gly Thr Ser Val Thr Val Ser Se?r 
11s 120 

(2) INFORMATION FOR SEQ ID N6:12: 

(i) SEQUENCE CHARACTERISXICSt 
(A) LENGTH: 336 base pairs 
(B) TYPE: nucleic acid 
(C) STRAWDEDNESS: double 
(0 ) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oDNA 

(ix) FEATURE: 
(A) NAME/P;EY: CDS 
(B) LOCATION: l-.336 

(xi) SEQUFZNCE DESCRIPTION: SEQ ID NO:12: 

GAA ATC CAC ATG ACA CAG ACT RCA TCC TCC C’,!G %!CT GCC TCT CTG (iGh 
Glu Ile His Wet Thr Gin Thr Thr Ser Sar Leu SW Ala Ser Leu Gly 

1 5 10 15 

GAC AGA GTC ACC ATC AGT TGC! AGT GCA AGT CAG GAC ATC AGG AAT TAT 
Asp Arg Val Thr Ile See Cys Ser Ala Ser Gin Asp Ile Arg Asn l'yc 

20 25 30 

TTA AAC TGG TAT CAG CAG AA&. CCT GAl! WA ACT GTT AAt4 CTC CTG XIX! 
i&u Asn Trp Tyr Gin Gln Lys Pro Rep,Gly Xhr Val Lys Lteu Lau Ile 

35 QO 45 

TAT TAC ACA TCA ACT TTA CAT TCA GGA GTC CCA TCA AGG TXC AGX GGC 
Tyr Tyr Thr Ser Thr LeU His See Gly Val Pro 3%~ Arg Phe Ser Gly 

50 55 60 

AGC GGG TCT GGG ACA GAT TAT ?C!T CTC ACC ATC AGC AAC CT0 GAA CCT 
Ser Gly Ser Gly Thr Asp Tyr Ser Letl Thr Ile Ser Am Leu Glu Pro 
65 70 75 80 

GAP. GAT ATT GCC ACT TAT TAT ;rGT CAG CAG TAT AGT AAG AXT CCG fi?AC 
GlU Amp 11s Ala Thr Tyr Tyr Cys Gin Gin Tyr S+$ Lys Ifo Pro Xyr 

85 90 95 

ACG TTC ACA GGG GGG ACC AAG CTG GAA ATA.AA& CGG GCT GAT GCT GCA 
Thr Phe Thr Gly Gly Thr Lys I&u GlU Ile Lys tig Ala Asp Al% Ala 

100 105 110 

48 

96 

144 

192 

240 

288 

336 

(2) INFORMATION FOR SEQ ID NQ:13: 

(i) SEQUENCE CHARACTERISTICS: 
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-cent inued 
(A) LENGTH: 112 amino acids 
(U) TYPE: amino acid 
(D) TOPOLOGY: iinear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ fD NQ:13: 

Glu Ile Xis Met Thr Gin Thr Thr Ser Ser Leu Ser Ala Ser Len Gly 
1 5 I.0 15 

Asp "y Val Thr Ile Ser Cys Ser Ala Ser Gin Asp Ile Ary Asn Tyr 
20 25 30 

Leu Aen Trp Tyr Gin Gln Lys Pro Asp Gly Thr Val Lye. Leu Leu Ile 
35 40 45 

Tyr Tyr Thr Ser Thr Leu His Ser Gly Val Pro Ser Arg Phe Ser Oly 
50 33 50 

Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Tie Sex Asa Lau Glu Pm 
65 70 75 80 

Glu Asp Ile Ala Thr Tyr Tyr Cys Gin G&n Tyr Sar Ly% Ile Pro Tyr 
83 90 95 

Thr Phe Thr Gly Gly Thr Gys Jku Glu 'Iia Lys Arg Ala Asp Ala Ala 
I. 00 105 110 

(2) MFOEWA~!ION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 354 base paim 
(33) TYPE: nucleic acid 
(C:) STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(ix ) FEATURE : 
(A) NAME/KEY: CDS 
(2)) LOCATION: l-.354 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOr14: 

GAA GTG CAG CTG GTG GAG TCT GGG GGA GGC TTA GTG AGG CCT GGA GGG 
Glu Val Gin Lau Val Glu Ser Gly Gly Gly LSU Val Arg Pro Gly Gly 

1 5 LO 15 

TCC CTG AAA CTC TCC TGT GCA GCC TCT GGA TTC GCJ! TTC AGT AAC TAT 
Ser Leu Lye Leu Ser Cys Ale Ala Ser Gly Phe Ala Phe Ser Asn Tyr 

20 23 30 

GAC ATG TCT TGG OTT CGC CA0 ACT CCG GAG AAG AGG C!l'G GAG TGG GTC 
Asp Met Ser Trp Val Arg Gln l'hr Pro Glu Lys Arg Leu Glu Trp VaT 

35 40 _ 45 

GCG TAC ATT GGT AAT GET GGT AAC ACC TAC TCT CCA GAC ACT -G A&G 
Ala Tyr Ile Gly Arm Gly Gly Asn Thr Tyr Sar Pr$a Asp Thr Vial'Lys 

50 55 60 

GGC CGA TTC ACC ATC TCC AGA GAC AAl! GCC GAG +AC ACC CTA TAC Cl'T 
Gly Arg Phe Thr Ile Ser Ary Asp ASR Ala Glti A~in Thr Leu Tyc Leu 
65 70 73 80 

CAA ATG AGC AGT CTG AAG TCT GAG GAC ACA CKC ATT TAT TAC TGl! GCA 
Gin Met Ser Ser Lfm Lys Ser qlu Asp Thr Ala IL@ Tyr Tyr CyS s*la 

85 90 95 

AGT CAC TAT GGT TAC GAC GGG AGG TTT GCT TAC TGG GGC CAA GGG ACT 
Ser His Tyr Gly Tyr Asp Gly Arg Phe Ala Tyr Trp Gly Gln Gly Thr 

1.00 105 13.0 

CTG GTC ACT GTC TCT GC!A 
Leu Val Thr Val Ser Ala 

113 

48 

96 

144 

192 

24& 

288 

336 

354 
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(2) INFORNA'l!ION FOR SEQ ID N&15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 118 ami,no acids 
(U) TYPE: amino acid 
(II) TOPOLOGY: lirmar 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRI??TION: SEQ ID NO:15: 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly LBu Yal Arg Pro Gly Gly 
1 5 10 15 

Set Leu Lys Leu Ser Cys Ala Ala Ser Fly Phe Ala Pha Ser Asn Tyr 
20 25 30 

Asp Met Ser Trp Val Arg Gln Thr Pro Glu Lye Rrg Leu Glu Trp Wal 
35 40 45 

Ala l'yr Ila Gly Asn Gly Gly Asn Tbr Tyr Ser Prb Asp Thr Val Lys 
50 55 60 

Gly Arg Phe Thr Ile Ser Arg Asp ASR Ala Glu Asn Thr Leu Tyr Leu 
65 70 75 80 

Gin Met Ser Ser Leu Lys Ser Glu Asp The Ala ILe Tyr Tyr Cya Ala 
85 so 95 

Ser His Tyr Gly Tyr Asp Gly Arg pha Ala Tyr Trp Gly Gin Gly Thr 
I. 0 0 105 110 

Leu Val Thr Val Ser Ala 
115 

(2) INFORMATION FOR SEQ LD NO:l6: 

(i) SEQUENCE CHARACTERISTSCS: 
(A) LENGTH: 351 baa* pairs 
(13) TYPE: nucleic acid 
(C) STRANDEDNESS: double 
(U) TOPOLOGY-. linear 

(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE: 
(A) NAME/XEY: CDS 
(W) LOCATIONt l-.351 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

GAT GTT GTG ATG ACC CA?+ AGT CCA CTC TCC CTG CCT GTC AGT CTT @?A 
Asp Val Val Met Thr Gln Sar %$o I&u Ser Leu Pro Val Ser Leu Gly 

1 5 LO 15 

GAT GAAGCC ACC AT'2 TCT TGG AGATCT AGT CAG AGC CT3 GAACAC AGT 
Asp Gin Ala Thr Ile Ser Cys Jug Ser Ser Gin +r Leu Glu His Ser 

20 25 30 

AAT GGA GAC ACC TAT TTA CAT TGG TAC CTG CAG AAG GCA GGC CAG %%ZT 
Asn Gly Asp Thr Tyr Leu Iii@ 7kp Tyr Leu Gin Lye A3.a Gly Gin Sex 

35 40 45 

CGA AAG CTC CTG ATC TAC AAA GTT TCC AAC CGA TTT TCl’ GGG GTC CCG 
Pro Lye Leu Leu Ile Tyr Lya Val Ser Asn Arg Phe Ser Gly Val Pro 

50 55 ‘60 

GAT hGG TTC AGT GGC AGT GGA TCA GGF WA GAT TTC ACA CTC AAG ATC 
Asp Arg Phe Ser Gly Se% Gly Ser Gly Thr Asp Phe Thr Leu Lye Ile 
65 70 75 80 

AGC AGA GTG GAG GCT GAG GAT CTG GGA GTT TAT TTC TGC TOT CAR AGT 
Ser kg Val Glu Ala Glu Asp f;eu Gly Val Tyr Pbe Cy9 Cys Gln Ser 

85 so 95 

ACA CAT GTT CCG TGG ACG TTC GGT GGA GGC ACC AAC CTG GAA ATC AAA 
Thr His Val Pro Trp Thr Phe Gly Gly GLy Tbr Aan Leu Glu fle Lys 

I 0 0 10.5 110 

48 

96 

144 

192 

240 

288 

936 
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-continued 

Cf.% GCT GAT GCT GCA 
Arg Ala Asp Ala Ala 

11s 

351 

(2) LNE'ORMA'PION FOR SEQ ID N0:17: 

(i.) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 117 amino acid8 
(8) TYPE: amino acid 
(13) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTIO&: SEQ ID NOrl7: 

Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Ser Leu Gly 
1 5 10 15 

Asp Gln Ala Thr Ile Ser Cys Arg SW Sar Gin Ser Lsu Glu His Ser 
20 25 30 

Asn Gly Asp Thr Tyr Leu Hia Trp Tyr Leu Gln tys Ala Gly Gln Ser 
35 40 45 

Pro Lys Leu Leu Ile Tyr Lys Val Ses Asn Arq Phe Ser Gly Val Pro 
50 55 60 

Asp “g Phe Ser Gly Ser Gly Ser Gly Thr Asp &he Thr Leu Lys Ile 
65 70 75 80 

Ser Acg Val Glu Ala Glu Asp Leu Gly Val Tyr Ehe Cys Cya Gin Ser 
85 90 95 

Thr His Val Pro Trp Thr Phe Gly Cly Gly Thx Asn Leu Glu Ile Cys 
LOO 105 110 

ATg Ala Asp Ala Ala 
115 

What is claimed: 
1. A method for inhibiting the growth of human tnmor 

cells that express human EGF receptors and are kitogem- 
tally stimulated by EGF, the method comprising adminis- 
tering an elective amount of an anti-neoplastic agent and an 
effective amount of a monoclonal antibody to, a human 
cancer patient having said tumor ceHs; (i) wherein said 
antibody binds to the extra-cellular domain of the human 
EGF receptor of said tumor cell; (ii) wherein the an~tibody is 
not conjugated to the anti-neoplastic agen$ and (iii) wherein 
the antibody khibit the binding of EGF to tHe EGF kceptor. 

2. A method for inhibiting the growth of human tumor 
cells that express human EGF r~CeQtOE5 and are n&gem- 
tally stimulated by human EGE according to ‘claim 1 
wherein said anti-neoplastic age& is doxaritbicin. 

3. A method for inhibiting the growth of human tumoi 
cells that express human EGF receptors and are mitogeni- 
tally stimulated by human EGP according to c&m 1 
wherein said anti-neoplastic agent is cisplatin. 

4. A method for inhibiting the growth of human tumor 
cells that express human EGF receptors and are mitogenl- 
tally stimulated by human EGF according to claim 1 
wherein said monoclonal antibody is 108 prodnced by 
hybridoma cell line ATCC HB 9’764. 

5. A method for inhibiting the growth of human tumor 
cells that express EGF receptors and are mitogenicalty 

40 

45 

50 

55 

60 

stiinulaXed by human EGF according to claim I. wherein said 
monocbnaf antibody is further characterized by its capabil- 
ity td inhibit the growth~of human oral epidermoid carci- 
noma (ISIS) ~+ls byhjnding to the extra-celhtkr domain of 
the human EGE receptor of said KES cells in an antigen- 
antibody cmrrplex, 

6. A therapeutic oomposhion comprising an amount of 
mouoc&& :&tibOdy and an airti-neoplastic agent effective 
to inhibit. the growth of -human tnmor cells that express 
hnman EGF receptors and are mitogenically stimulated by 
humanEGF in assodiation with a pharmaceutical carrier; (i) 
wherein the a&body bimis to the extracekhtlar domain of the 
human EGF receptor of the tnmor cells (ii) wherein the 
antibody is not conjugated tb the anti-neoplastic agent; and 
(iii) wherein the antibody inbiblts the binding of EGF to the 
EGF receptor. 

7. A therapeutic composition according to claim 6 
wherein sa+d’ anti-ner$astik agent is doxorubicin. 

8. A: therape&c &mposition according to claim 6 
wherein said anti-neoplasfie agent is cisplatin. 

9. ‘A therapeutk composition according to claim 6 
wherein said monocloaal antibody is 108 produced by 
hybritioma cell line AKC WB 9764. 

* * * * * 
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It is certiied that error appears in 6 above-identtfhd: patent and thzrt said Lettws Patent is 
hereby corrected as sh&n -below: 

~oiumn 10, 
Lie 9, now reads “QM(r--57&j,“” should read -: l$i@+,,cp>, -- 

Column 35, 
Lie 48, now reds “is&Cbit”’ should read - inhibits - 


